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I.  Introduction 


This  document  reviews  the  6th  International  Methane  Hydrate  Research  and  Development 
Workshop.  Researchers  from  the  Norway,  Japan  and  United  States  have  held  a  series  of  these 
workshops  in  Honolulu  Hawaii,  Wahington,DC,  Vina  del  Mar  Chile,  Victoria  British  Columbia,  and 
Edinburgh  Scotland  over  the  last  eight  years.  The  primary  goals  of  the  workshops  are  to  develop 
collaborations  in  field  and  laboratory  research  in  methane  hydrate  research  that  provides  sharing  of 
analytical  technology,  approaches  to  sampling  protocol,  and  cost  sharing  of  ship  time.  Twenty-two 
different  nations  have  participated  in  previous  workshops,  resulting  in  a  variety  of  international 
collaborations;  including  methane  hydrate  exploration  off  the  mid  Chilean  Margin,  the  New  Zealand 
Hikurangi  Margin,  Cascadia  Margin  and  the  Gulf  of  Mexico. 

The  6th  International  Methane  Hydrate  Research  and  Development  Workshop  was  focused  to 
enhance  international  collaboration  on  development  of  the  methane  hydrate  research  program  in  the 
Arctic  Ocean.  This  workshop  included  participation  of  representative  from  12  countries.  Key  goals  of 
this  workshop  include:  1)  expanding  an  international,  interdisciplinary  scientific  network,  2)  ship  and 
equipment  time  and  experimental  design  sharing,  3)  coastal  ocean  data  integration,  4)  sharing 
laboratory  and  field  technology  information,  and  5)  discussion  on  preliminary  hydrate  dissociation 
strategies.  This  workshop  focused  on  topics  in  the  Arctic  Ocean,  including  hydrate  exploration  and 
climate  change.  The  session  topics  during  this  workshop  included:  1)  Characteristics  of  hydrate  in 
marine  sediments  and  commercial  value  of  hydrate;  2)  Laboratory  and  pilot  scale  experiments;  3) 
Characterization  and  quantification  of  arctic  hydrates;  4)  Exploitation  strategies  and  technical 
challenges;  5)  Theoretical  modeling;  and,  6)  Methane  hydrate  fluxes  from  the  ocean  and  potential 
climate  implications.  A  summary  of  the  individual  topics  were  discussed  with  a  focus  on  Arctic 
hydrates  addressing  consideration  of  future  challenges  and  corresponding  strategies  for  extended 
international  collaboration.  To  stimulate  increased  international  collaboration  each  session  chair 
directed  conversations  toward  defining  approaches  to  combine  individual  nation  research  focus, 
funding  and  expertise  in  field  and  laboratory  research.  This  workshop  was  scheduled  for  three  days, 
with  focus  for  the  first  day  pertaining  to  ocean  hydrate  research;  the  second  day  of  the  workshop  was 
devoted  to  conversations  on  Arctic  Ocean  research;  and  the  final  day  was  a  series  of  discussions  for 
future  development. 

II.  Summary 

This  3  day  workshop  was  attended  by  55  scientists  from  12  countries  (Appendix  1).  The  text 
through  this  document  is  an  overview  of  the  presentations  and  discussions  during  the  workshop. 
Following  this  summary  key  note  speaker  presentations,  summaries  of  research  discussions,  and 
posters  are  presented.  The  key  issues  addressed  during  the  workshop  included  the  following: 

1 .  Future  Arctic  Ocean  research  plans  need  to  be  developed  with  a  long  term  field  and 
laboratory  research  and  monitoring  plan.  As  a  result  of  the  discussions  an  international 
workshop  to  focus  on  development  of  an  international  Arctic  Ocean  methane  hydrate 
research  program  will  be  planned  for  the  fall  of  2008.  Topics  that  will  be  addressed  in 
the  workshop  will  include  an  overview  of  the  current  Arctic  Ocean  data,  new  seismic 
and  pressure  core  sampling  protocol,  application  of  general  ocean  circulation  models 
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2.  Methane  hydrate  drilling  needs  a  more  thorough  evaluation  of  well  production  rates 
that  are  coupled  with  production  models.  There  is  also  a  need  for  exploration  protocol 
and  models. 

3.  Higher  resolution  seismic  profiling  needs  to  be  developed  and  applied.  The  seismic 
data  need  to  be  coupled  with  CSEM,  shallow  sediment  porewater  geochemistry 
profiles,  and  heatflow  data  for  a  more  thorough  evaluation  of  deep  sediment  hydrate 
deposits.  Coupling  these  parameters  is  intended  to  provide  pre-drilling  site  evaluation. 

4.  Laboratory  and  pilot  scale  experiments  need  to  focus  on  geologic  accumulation  of 
hydrates,  production  testing,  geomechanic  sediment  properties,  biogeochemical 
influence  on  hydrate  formation  and  stability,  and  sediment  thermodynamics. 

5.  Theoretical  modeling  needs  further  development  in  rock  physics  flow  simulations, 
geomechanical  sediment  properties,  and  environmental  system  cycling. 

6.  Production  testing  needs  small  scale  evaluation  to  address,  environmental  impact 
assessment  and  regulation,  efficiency  of  hydrate  dissociation  protocols  in  terms  of 
pressure  and  temperature,  and  flow  assurance. 


III.  Welcome  to  Bergen  Norway 


me  to 


A.  Opening  Remarks:  Bjorn  Kvamme,  University  of  Ber 


en 
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The  economic  support  from  our  sponsors  is 
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Breakout  sessions  and  rooms  will  be  announced 
when  we  know  the  distribution  on  the  different 

groups 

•  Three  PhD  students  will  assist 
in  guiding  you  to  the  different 
rooms 

•  Slumping -Liu  *  v  /  \  * 

•  Alla  Sapranova 

•  Pilvi-Hilena  Kivela  j‘ 

•  These  students  can  also  assist 
in  other  practical  issues  like 
for  instance  technical 
assistance  in  running 
presentations 


dinner 

The  conference  dinner  will 
be  at  Hotel  Admiral,  which 
is  roughly  5  minutes  walk 
from  the  conference  hotel. 
Taxi  will  be  provided  for 
those  who  might  need  that 
for  some  reason.  Please 
contact  someone  in  the 
comittee  or  our  students. 


•  Dresscode:  casual 
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There  are  parades  walking  through  the  city  and  what  is 
special  abour  Bergen  are 'corpses  with  young  boys 
.f.V'-  i  ;  <  --  marching  with  copies  ot  guns  r  j ;  . 
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B.  Overview  of  5th  IMHRD  -  Nick  Langhorne,  ONRG-London 


The  5th  International  Workshop  on  Methane  Hydrate  Research  and  Development  was 

held  at  the  Marriott  Dalmahoy  Hotel,  Edinburgh  from  9-12  October  2006.  Approximately  100 
scientist  from  22  countries  attended  this  workshop.  Christian  Bemdt,  Ross  Chapman,  John  Rees, 
Bahaman  Tohidi  and  Graham  Westbrook  organized  this  workshop  in  Edinburgh.  The  emphasis  was 
on  developing  opportunities  and  overcoming  the  barriers  to  international  cooperation  which  may  have 
been  perceived  in  the  past.  This  is  to  generate  more  research  activity  and  results  through  collaboration 
than  could  be  achieved  by  individual  programmes.  Research  to  date  has  proved  that  there  are  very 
large  amounts  of  methane  trapped  in  the  form  of  hydrates  in  deep  ocean  sediments  and  permafrost 
regions.  The  amount  of  energy,  in  the  form  of  hydrates,  is  estimated  to  be  twice  that  of  all  know  fossil 
fuels.  These  hydrates  have  had  important  consequences  in  the  past,  as  they  will  in  the  future.  The 
different  aspects  of  methane  hydrate  research  are  covered  in  this  Workshop.  These  include  their  role  as 
a  source  of  future  energy;  their  influence  on  the  global  carbon  balance  and  associated  impact  on  the 
past  and  future  climate  change;  their  possible  association  with  sub-sea  landslides  and  tsunamis;  their 
occurrence  as  potential  geohazards,  endangering  exploration  and  production  activities,  as  well  as  those 
of  both  civil  and  military  seabed  installations.  Specific  research  topics  during  the  workshop  included: 

•  Exploration,  mapping  and  characterization  of  methane  hydrate 

What  controls  the  distribution  of  methane  hydrates? 

What  are  the  natural  modes  of  methane  hydrate  growth  in  different 

environments? 

•  Methane  hydrate  and  geohazards. 

What  is  the  significance  of  dissociation,  gas  overpressure,  sediment 

permeability  and  hydrate  growth  to  geohazards? 

Is  there  evidence  that  methane  hydrates  control  some  geohazards? 

•  Physical  Properties,  modelling  and  lab-scale  investigations 

How  can  we  design  experiments  to  be  more  relevant? 

What  are  the  limitations,  scaling  and  variability  in  the  physical  properties? 

•  Methane  hydrate  as  an  energy  source. 

What  are  the  climate  implications  for  exploitation  as  a  resource? 

•  Seafloor  methane  flux  and  climate  change. 

What  are  the  impacts  of  natural  methane  flux  on  climate  change? 

What  is  the  temporal  and  spatial  variability  of  methane  flux  to  the  atmosphere? 

Can  methane  hydrate  exploitation  impact  climate? 

How  do  the  dynamics  of  methane  hydrate  influence  climate  change? 
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IV.  Plenary  Session  1 :  Marine  Hydrates 


A.  Invited  Speakers 


NGHP  -  Expedition  1  Timeline 


KGB  &  MB 
LWD  Logging 


Chennai 


U.S.  Department  of  Energy 


6th  International  Workshop  on 
Methane  Hydrate  R&D 

Edith  Allison 

U.S.  Department  of  Energy 
May  13,  2008 


U.S.  Department  of  Energy 


Natural  Gas  Hydrates  in  the  KG  Basin 


Geologic  Setting: 

•  Slope-dominated  deep  marine 

•  Faults,  fractures  control  hydrate  veins, 
nodules 

Lithologic  Components: 

•  Nannofossil,  foram,  &  smectite  bearing  to  rich 
clays 

•  Rare,  thinly  bedded  silt/sand  beds  &  laminae 
(mm  to  cm) 

•  High  terrigenous  organic  carbon  content 


Secondary  Precipitates: 

•  Authigenic  carbonates 

•  Iron  sulfides 

•  Gas  hydrates,  primarily 
disseminated,  nodules, 
&  fracture  fill 


1.  US  DOE  International  Focus:  China,  Korea  and  India.  Edith  Allison,  US  Department  of  Energ 


U.S.  Department  of  Energy  International 
Focus:  India,  China  and  Korea 


Leg  1 

April  28lh-  May  16th 
KKB  Coring 


Leg  2 

May  17th -June  6th 


Leg  3 

June  7th -July  17th 
KGB  Coring 

k  Leg  4 

\  July  18th  -  August  17th 
]  MB,  Al,  &  KGB  Coring 


India  NGHP  Expedition  1 


Overview 

•  Objectives 

-  A  full  scientific  evaluation  of  natural  gas 
hydrate  occurrence  in  a  wide  range  of 
marine  sediments/environments 


fiGEP  ¥&* 


•  Program  Structure 

-  $35  million  (US) 

-  lODP-like 

-  Operated  by  ODL  and  Fugro 

-  USGS  scientific  lead 

-  Scientists  from  India,  US,  Canada,  Germany 
and  UK  universities  and  government 
agencies 

•  Expectations 

-  Rapid  evaluation  of  hydrate  resource 

-  ID  a  near-term  production  test  site 

-  Initiate  a  world-class  R&D  program 


U.S.  Department  of  Energy 


Primary  Gas  Hydrate  Accumulations 

predominantly  in  clay  lithologies 


Massive 


Rare  coarse  beds 


U.S.  Department  of  Energy 
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Krishna-Godavari  Basin 

Site  10/21  -  Richest  Hydrate  Locality  Yet  Discovered? 


•  130-meters  of 
hydrate-bearing 
section 

•  Log-calculated 
GH  saturations 
of  60-80% 

•  Fracture- 
controlled 
distribution  w/in 
a  shale  matrix 

•  Limited  areal 
extent 


U.S.  Department  of  Energy 


INDIAN  NATIONAL  CAS 
HYDRATE  PROCRAM 

Expedition  01 
Initial  Reports 


Mumbai,  India  to  Chennai,  India 
Sites  NGHP-01-01  through  NGHP-01-21 
28  April  2006  -  19  August  2006 


Volume  authorship 


T-  Collett,  M.  Riedel,  J.  Cochran,  R.  Boswell,  J.  Presley 
P.  Kumar,  A,  Sathe,  A.  Sethi,  M.  Lall,  V.  Sibal 
and  the  NGHP  Expedition  01  Scientists 


Published  by 

Directorate  General  of  Hydrocarbons. 

Ministry  of  Petroleum  and  Natural  Gas  (India) 


Prepared  by 

The  United  States  Geological  Surrey 


•  CD  available  from 
US  Geological 
Survey 


U.S.  Department  of  Energy 


Natural  Gas  Hydrates  in  the  Andaman  Forearc  Basin 


9cm  thick,  hydrate  bearing,  felsic  ash  bed 


•  Primary  sediment  source  is 
marine  calcareous  &  siliceous 
oozes 

•  Mafic  to  felsic  ash-falls  & 
volcanoclastic  beds  (cm 
thicknesses) 

•  Ash  layers  represent  volcanic 
activity  from  the  Miocene  to 
present 


U.S.  Department  of  Energy 


GMGS-1  Gas  Hydrate  Expedition 

April  21st  -  June  12th,  2007 


Principal  Participants 

Guangzhou  Marine  Geological  Survey  (GMGS) 

-  China  Geological  Survey  (CGS) 

-  The  Ministry  of  Land  and  Resources  of  P.  R. 
China 


U.S.  Department  of  Energy 


Andaman  Islands 

World’s  thickest  GHSZ/Deepest  Hydrates 


Anomalously 
deep  BSR 

Extremely  low 

temperature 

gradient 

Hydrate 
throughout 
column  to  600 
mbsf 


•  Lithologic 
control  on 
hydrate 
concentration 


U.S.  Department  of  Energy 


Study  Area 


.  Leg  1:  April  21st -May  18th 


.  Leg  2:  May  19th  -  June  12th 


Explored  8  sites  in  the  South 
China  Sea 


At  water  depths  up  to  1500m 
up  to  300mbsf 

Tested  precruise  3D  seismic 
and  shallow  geochemistry 
based  hydrate  prospects 


Collect  suite  of  data  & 
samples  for  post-cruise 
analyses  and  synthesis  for 
future  expeditions 


Improve  understanding  of  the 
nature  and  controls  on 
hydrate  occurrences  in  the 
South  China  Sea 


U.S.  Department  of  Energy 
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GMGS-01  Shipboard  Program 


Wireline  Logging 

-  Complete  suite  of  high 
precision  slimline  tools 

-  Natural  Gamma,  Gamma 
density,  Neutron  Porosity, 
Electrical  resitivity,  caliper, 
temperature 

-  In  pipe  logging 

-  Open  hole  logging  below 
about  50  mbml 

In  situ  measurements  were 
also  made  of  temperature  & 
porewater  were  made  using 

-  The  Fugro  Temperature 
Probe  and 

-  The  Fugro  Porewater 
Sampler  (FPWS) 


GMGS-01  Return  to  Shore 


Core  data  are  being  correlated  with  the  downhole  log  data  to 
improve  future  predictive  models  of  GH  concentration 
The  core  and  log  data  will  be  used  to  re-examine  the  seismic 
data  &  develop  predictive  capability  from  remote  datasets 
Potential  future  expeditions  to  both  the  Shenhu  area  and 
other  regions  of  the  northern  South  China  Sea  margin  are 
currently  under  discussion. 


U.S.  Department  of  Energy 


U.S.  Department  of  Energy 


GMGS-01  Shipboard  Program 

•  At  8  sites  a  pilot  hole  was  drilled  and  wireline 
logged 

-  Natural  Gamma,  Gamma  Density,  Neutron 
Porosity,  Resistivity,  Caliper,  Temperature 

-  Temperature  probe  and  pore-water  sampler 

•  At  5  of  these  sites  a  core  hole  was  drilled  10- 
15m  from  original  site 

•  Coring 

-  Long  wire  line  piston  corer  FHPC  ~7.5  m 

-  Short  hammer  corer,  FC  ~3m 

-  Short  Pressure  Corers  -  FPC  and  FRPC/HRC 

•  Core  Analyses 

-  IR  Imaging 

-  Core  Processing 

-  MSCL  Core  logging 

-  Pore  water  Geochemisty 

-  Gas  analysis 

-  Pressure  Core  Analysis,  (X-ray  imaging,  etc) 

-  Cores  preserved  in  liquid  nitrogen  for  later 
study 


U.S.  Department  of  Energy 


UBGH-1  Gas  Hydrate  Expedition 
September  -  November,  2007 
•  Principal  Participants 

-  KGHDO,  KIGAM,  KNOC,  KOGAS 

-  Fugro 

-  Geotek 

-  McGill  University 

-  NETL/DOE 


U.S.  Department  of  Energy 


GMGS-01  Shipboard  Program 


•  At  8  sites  a  pilot  hole  was  drilled  and  wireline 
logged 

-  Natural  Gamma,  Gamma  Density,  Neutron 
Porosity,  Resistivity,  Caliper,  Temperature 

-  Temperature  probe  and  pore-water  sampler 

•  At  5  of  these  sites  a  core  hole  was  drilled  10- 
15m  from  original  site 

•  Coring 

-  Long  wire  line  piston  corer  FHPC  ~7.5  m 

-  Short  hammer  corer,  FC  ~3m 

-  Short  Pressure  Corers  -  FPC  and  FRPC/HRC 

•  Core  Analyses 

-  IR  Imaging 

-  Core  Processing 

-  MSCL  Core  logging 

-  Pore  water  Geochemisty 

-  Gas  analysis 

-  Pressure  Core  Analysis,  (X-ray  imaging,  etc) 

-  Cores  preserved  in  liquid  nitrogen  for  later 
study 


U.S.  Department  of  Energy 


Study  Area  -  Ulleung  Basin 


U.S.  Department  of  Energy 
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UBGH-01  Leg  1 


Sites  selected  on  pre-expedition 
analyses  of  3D  seismic  data 
5  LWD  data  sets 
14  ROV  surface  cores 


LWD  electrical  resistivity  from  the  three  “type”  locations 
drilled,  showing  resistivity  profiles  differing  by  orders  of 
magnitude.  Gas  hydrate  was  present  at  all  three  locations 


U.S.  Department  of  Energy 


Back  to  Shore... 


The  postcruise  analysis  of  the 
pressure  cores  was  recently 
completed 

-  Will  be  the  subject  of  a  future  article  in 
Fire  in  the  Ice 

-  One  core  remains  stored  under  pressure 
for  future  analysis. 


Post  expedition  studies  include 

-  Detailed  sedimentological  description 
of  split-core  sections  and  analyses  of 
sediment  sub-samples 

-  Testing  of  frozen  gas-hydrate-bearing 
sediments 

-  Analysis  of  gas  and  porewater 
samples  collected  shipboard 


U.S.  Department  of  Energy 


Leg  2:  Summary 


Documented  significant  gas- 
hydrate  bearing  reservoirs  up  to 
150  mbsf  at  water  depths  between 
1800  to  2100m 
>  600m  of  wireline  logs 
38  Conventional  cores 
15  Pressure  cores 
7  Pressure  cores  stored  under 
pressure 

10  temperature  measurements 
>50  gas  samples 
~  250  porewater  samples 
-200  sedimentology  samples 
Plenty  of  methane  hydrate  (-20 
samples  in  liquid  nitrogen 
storage) 


U.S.  Department  of  Energy 


US  National  R&D  Program 

Contributing  to  &  Benefitting  from  International  R&D 


•  Multi-national  cruises 
provide  scientific  access 
to  varied  methane  hydrate 
deposits  not  available  to  a 
single  country 

•  Sampling  techniques 
improved  during  multiple 
cruises 

•  Access  to  natural  methane 
hydrate  samples  is 
important  for  laboratory 
studies 

•  International  cooperation 
expands  the  community  of 
methane  hydrate  experts 


2005,  USGS 
Scientists 
meeting  with 
scientists 
from  China’s 


April  2008, 
Knowledge 
Economy  Minister 
Lee  Yoon-ho  with 
U.S.  Secretary  of 
Energy  Samuel 
Bodman 


U.S.  Department  of  Energy 


UBGH-01  Hydrates  Samples 


•  Plenty  of  methane  hydrate  in  various  lithologies  and  forms 

•  18  gas  hydrate  bearing  samples  preserved 
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2.  Overview  of  the  Japanese  National  Project  on  Methane  Hydrates.  Koji  Yamamoto,  Japan  Oil,  Gas, 
and  Metals  National  Corporation 


Gas  hydrate  -  Japanese  National 
Programs 


Methane  Hydrate,  Japanese 
National  Programs 


MET  I  funded  program 

-  MH21  and  collaborators 

*  JOGMEG,  A  1ST.  ENAA,  private  oil&gas  companies,  universities, 
engineering  companies,  etc. 

-  Hydrate  transport 

*  JOGMEG.  shipbuilding  end  plant  companies 

MEXT  (Ministry  of  Education,  Culture.  Sports.  Science 
and  Technology)  funded  programs 


Koji  Yamamoto,  JOGMEC 


-  JAMSTEC  -  Climate  change 

-  Universities 

MUTT  (Ministry  of  Land,  Infrastructure,  Transport  and 
Tourism  funding  program 

-  National  Maritime  Research  I  nstitute 

*  GCS  related  GO-,  hydrate  sludie  s 

Private  initiatives 

-  Hydrate  transport,  independent  studies  on  production  etc. 


Japan1  s  Mdbito  IImIi'siIc  Kvploihihon 


Japcm»  National  Program  (HI 

Introduction  of  The  R&D  on 
“ Modeling  &  Production  Method ” 


> 

Hide  a  Norite 

Group  Leader/  the  Group  for  “lUode^ng  £  Pro  due  Tran  JUetfKHJ" 
MH21  Consortium,  Japan 
The  Methane  Hydrate  Research  Laboratory 
National  Institute  of  Advanced  Industrial  Science  and  Technoflogy 


The  R&O  Subjects  of  The  Group 
for  'Production  Method s  and  Modeling" 


1.  Characterization  of  MH  reservoir  properties  and 
evaluation  of  reservoir  parameter 

2.  Modeling1  of  dissociation  behavior  of  AtH  sediment 

3.  Development  of  reservoir  simulator  forMH  fields., 

4.  Analysis  of  dissociation  methods 

5.  Preliminary  assessment  and  devefopment  of 
production  method. 

6.  To  propose  methods  &  conditions  for  the  field 
production  tests. 


Target  reservoir  is  MH  containing  sandy  sediment 
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Development  of  reservoir  simulator 


Drtnrinn  routin*  u\ 

CdteUatim  fiautri*  d 

Ipflut  f?*iwrvoirpararft*rtr 

faEMvar  Paianialar 

Chang® 

n  -tho  comparatwa-  dudy*’,  MHi  I  HYOfiEs  jhowsd  a  good  ra^iod«cb«ty  For  Bt*  MDS  rasuth  at  MS. 
Bbwt  C2f  Masks  Haiti  !-apo  Die. 

*Ttw  ccrrpararlva  study  has  been  o>jganEBdby  NfcIL.  and  t D U G H ft KH  >■  ds  a  ta  i|lfMl| . 
MvdrntokaSSjm  |MCTl;  .  iyHl!lHYDVfc5  |,U6i.U  cd  Tokyo.  Jt>E|.  SUES  |CfWGj.  EF-OMP-HYD  |EHNL,UoF 
Akaikal  have  bixn  takwi  part  in. 


2007-2008  2nd 
Production  test... 

Joint  study  of  Japan 
(JOG  M  EC,  MH21  research 
consortium)  and  Canada 
(NRCan) 

Why  depressurization? 


j*  ;■  i  ■>  ■ 

,  iti-  j  ,  .liT  t  Q 
A'  <k4 

Initial  pe mihih  ili  I yt  Part  diKsacis lion 

iind  lhemi:il  perm’ .ibility Jt1  and 

conductivity*.  ■  ihtrnuil  . .  il 


iurtivjh-i, 


pee  scum 
and  temp ratiiM  1-1*-  - 


Jt'^SL'^L 


fii'i  liscocuuon  frew 
Fti  huick 

■ti-  ■/  4UI  lii>  M.im  cun^ 

Bore  bole  pMssuM 

Barfield  conditio]  of 

Tempttiruiie 


-T^Tjr~ 


{.tn-em  unequal  ions,  pnraaneltra,  und 
boundary  aindiliunK  far  dfpmwurizution 


Hc-;ic  itinu  lirtoo  v»  IhpravfcBttaa 

Heat  stimulation.  Active  beat  injection  to 

tbe  formation 

Disadvantage: 

Energy  should  he  injected  continuously 
Difficult  to  transport  heat  to  deep  formation 
(fluid  flows  opposite  direction  of  beat  flow] 

Despresurizalion:  Increase  in  permeability 
by  taydrafe  dissociation  belps  depressurized 
ation 

Disadvantage  :  Depends  on  the  beat  from 
the  surrounding  forma  tico.  Effectiveness 
and  continuous  depressurization  relies  on 
tbe  formation  properties  (initial  and 
absolute  permeability,  betecogeneity]. 
Linger  and  more  efficient  production 
is  expected,  but  cottfroi  is  difficult 


2007-Actual 


Basic  petrophysics  of  the  site 

Based  an  iL-3fi  n»w  kg*  (2007) 


4  or  5  MH  bearing 
zones  in  SGOto 
1 1 0OmMSL  section 
below  650m  thick 
permafrost 
Pore  filling  type 
hydrate  in  medium  to 
fine  sand 

Target  zone  of  2007: 
near  the  bottom  of 
GHOZ  (1066  to 
1 1QQmMSL)=  FT 
condition  is  closed  to 
the  phase  equilibiium 
Perforation  zone: 

1 002-1 084mMSL 
(Sfi~7CuS09L,  Ar^l  00- 
lOOOmd.  ftpO.  1-1  md) 


\m 


I  DID 


I  Mir 

IlH 

MID 

MW 

MID 

MW 


I 


Calculate  gas  volume  in  the  casing  (2007) 
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2002-2007-2008 


Breakthrough! 


March  10-18,2008 


6  straight  days  pump 
operation  and  sustainable 
gas  production 


2008:  6  days  Sustainable 
Production 


Acknowledgements 

*  METi  (Ministry  of  Economy ,  Trade  and  industry) 

-  MH21  and  collaborators  (JOGMEC,  AiST,  ENAA ,  etc ) 

-  NRCan  and  collaborators 

-  Aurora  College  and  NWT  Government 

*  imperial  Oil  Limited 

*  Local  communities 

*  inuviahjit  Oil  Field  Services  (iOFS)  and  iPM 
Schlumberger 

*  ChevronTexaoo,  MGM  energy  corp. 

*  AKITA  Drilling,  Nabors  other  contractors 

-  Partners  of  2002  program 

-  DOE,  USGS;  USA.  GFZ;  Germany.  MOPNG.  GAIL, ;  India.  BP- 
Ch&rron  T&xaco  Mackenzie  Delta  Joint  Venfore 


*  Depressurization  really  work!  ->  Efficient 
and  continuous  gas  production  is 
possible I! 

-  Gas  dissociation  was  sustained 

-  Depressurization  system  worked  weii 

-  Gas  production  volume  is  in  the  range  of  our 
prediction  ...  Theory  and  numerical  model 
are  OK 

*  More  verification  for 

-  Longer  time 

-  Different  conditions  (eg.  Marine  sediment) 


Future  of  the  Japanese  National 
Programs 

•  METI  Phase  1  program  will  be  finished 
at  the  end  of  FY2008  (March  2009) 

•  What  is  next? 

-  Phase  2:  Marine  production  test 

-  Phase  3:  Feasibility  study  for 
commercialization 
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3.  Research  Plans  and  Accomplishments  for  Hikurangi  Margin,  Ingo  Pecher,  Herriot-Watt  University 


Accomplishments  and  Research  Plans 
for  Gas  Hydrates  on  the  Hikurangi 
Margin,  New  Zealand 

Ingo  Pecher,  Heriot-Watt  University,  Edinburgh,  UK 
Stuart  Henrys,  GNS  Science,  Lower  Hutt,  NZ 
Rick  Coffin,  NRL,  Washington,  DC,  USA 
Jens  Greinert,  University  of  Ghent,  Belgium 
Joerg  Bialas,  IfM-Geomar,  Kiel,  Germany 
TAN0607  &  SOI  91  Scientific  Party,  and  many  others 
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Tectonic  setting 

Interpretation  of  Line  05CM-038 
(S.  Henrys,  pers.  comm.,  2/2008) 
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Oceanic  crust 

|  .  ZOlim  .  | 
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Outline 

►  Tectonic  setting 

•  History  of  gas  hydrates  research  on 
the  Hikurangi  margin 

•  Highlights  of  recent  (2005+)  surveys 

•  Research  plans 

•  Discussion  -  why  the  Hikurangi 
margin? 


1TBT 

Tectonic  setting 


North  Island  Geophysical  Transect 
(NIGHT) 


boundary  sedimentary  t0P  of 
basin  /  Ritchie  Ridge 

*  2  v  '4 W.Y  •'  k  seamount  on 

Pacific  Plate 

4 


distance  (km) 


Study  Area 


“subdiiction  /Pacific 
of  sponge”/  Plate 


-4  cm/yr 


Tectonics: 

Pacific  Plate 
subducted  beneath 
Australian  Plate, 
starting  21  Ma 

South:  highly 
accretive 
(“subduction  of 
sponge”) 

North:  more 
complex,  less 
accretive  to  erosive, 
re-entrants, 
seamounts 
subducted 


“Subduction  of  a  sponge” 

•  Rapid  accretion  (12±3  mm/yr.,  Barnes 
and  Mercier  de  Lepinay,  1997) 

•  Accretionary  wedge  100-150  km, 
significant  de-watering  >20  m3/yr  per 
meter  along  strike 

•  Very  low  taper  angle 

•  Fine-grained  mudrocks  provide  cap  for 
significant  overpressure  (Sibson  and 
Rowland,  2003) 

— ►  “Subduction  of  a  sponge”  (Townend, 
1997) 
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Outline 

•  Tectonic  setting 

►  History  of  gas  hydrates  research  on 
the  Hikurangi  margin 

•  Highlights  of  recent  (2005+)  surveys 

•  Research  plans 

•  Discussion  -  why  the  Hikurangi 
margin? 


History 


Various  fishing 
vessels  and  NIWA 
cruises:  Discovery  of 
numerous  vent  sites 
and  seafloor 
communities  (Lewis 
and  Marshall,  1996) 


Vent  site  L&M  3,  Rock  Garden ,  water  depth  900  m, 
plume  300  m  high  (from  Lewis  and  Marshall,  1996) 


History 

•  First  BSRs:  Katz  (1981,  1982) 

•  Various  crustal  surveys 

•  GeodyNZ  survey  L’Atalante,  1993: 
Bathymetry  +  high-speed  streamer 
First  BSR  maps  Hikurangi  margin 

&  Fiordland 

Townend  (1997),  Henrys  et  al.  (2003) 

►  Basis  for  gas  hydrates  project  at  GNS 
funded  by  NZ  Foundation  for  Science, 
Research,  and  Technology  (FRST) 

History 

•  BSR  distribution  and  reflection 
coefficient  (Henrys  et  al., 
submitted)  largely  from  GeodyNZ 
data 


History 

•  North  Island  GeopHysical  Transect 
(NIGHT),  2001  -  detection  of 
flattennig  of  Rock  Garden  +  BSRs 

•  RVIB  N.B.  Palmer,  2003,  seismic 
sea  trials,  Rock  Garden 

— >  Hypothesis  that  seafloor  erosion 
linked  to  gas  hydrate  freeze-thaw 
cycles  at  top  of  gas  hydrate 
stability  (Pecher  et  al.,  2005) 


History 

•  R/V  Tangaroa,  2004, 1  day  of 

bathymetry,  water  chemistry,  towed 
(METS)  sensor 

— ►  Discovery  of  methane  anomaly  in 
water  column  on  southern  edge  of 
Rock  Garden  (Faure  et  al.,  2006) 

— ►  “Faure  seeps”,  more  later  (SOI  91) 
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History 

M/V  Pacific  Titan,  05CM-038,  2005, 
industry-style  seismic  line  acquired 
by  GNS  to  analyze  potential  “sweet 
spot”,  Porangahau  Ridge 

R/V  Tangaroa  TAN0607,  2006,  first 
dedicated  gas  hydrates  cruise 


Highlights,  2005+ 

Rock  Garden  -  seafloor  erosion  and 
methane  venting 

Porangahau  Ridge  -  focussed  fluid 
expulsion 

Omakere  Ridge  -  higher-order  HC 
(but  only  there...) 

Wairarapa  -  CSEM  (— >  high  gas 
hydrate  saturation) 


History 

•  R/V  Tangaroa  TAN0616,  2006,  vent 
sites,  first  gas  hydrates  sample 

•  SOI  91  (“NewVents”):  2.5  mos. 
dedicated  to  gas  hydrates  and  vent 
sites  on  the  Hikurangi  margin 

•  Here:  Focus  on  last  three  years: 
05CM-038,  TAN0607,  TAN0616,  SOI  91 


-38W 
-38*30' 

-39’ 00' 

-39’  30' 

-40*00' 

-40*30- 
-41*00* 

-41 '30' 

-42O0- 

Figgre  1:  Location  map,  T:  Temperature  sensor 


TAN0607 


B:  Rock  Garden 


A:  Porangahau 
Ridge 


Outline 

•  Tectonic  setting 

•  History  of  gas  hydrates  research  on 
the  Hikurangi  margin 

►  Highlights  of  recent  (2005+)  surveys 

•  Research  plans 

•  Discussion  -  why  the  Hikurangi 
margin? 


R/V  Tangaroa  TAN  0607 

•  20/6-2/7/2006,  RIM  Tangaroa 

•  Seismic:  45/105  cu-in  Gl  gun, 
(theoretically)  600-m  long  streamer 
(GNS  Science,  NIWA) 

•  Heatflow  (Davies-Villinger,  NRL) 

•  Coring,  pore-water  profiles  (NRL) 

•  Coring,  paleoceanography  (NIWA) 

•  Water  column  chemistry  (GNS) 

•  Recover  temperature  sensor  (NIWA) 
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SQ191  Overview:  11.  lanuarvto  23.  March  2007 

Five  main  working  areas  have  been  defined  for  detailed  studies  during  SOI  91 . 


Leg  1 

MC  seismic,  side  scan, 
OBS/H,  CSEM,  MB, 
equilibrator,  cteepTew^- 
■streamer- 


Leg  2 

Side  scan,  lander 
deployments  (FLUFO,  BIGO, 
GasQuant),  sediment 
sampling  (GC,  MUC), 
carbonate  sampling  (TVG), 
water  column  sampling, 
mooring,  MB,  equilibrator 
Leg  3 

Lander  deployments  (FLUFO, 
BIGO,  GasQuant),  sediment 
sampling  (GC,  MUC), 
carbonate  sampling  (TVG), 
water  column  sampling,  MB, 
equilibrator  and  ROV  dives 


(from  J.  Greinert,  EGU  2008  talk) 


temperature  range 
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0  100  200  300  400 

Temperature  record 


Rock  Garden  and 
Ritchie  Banks 

Fluctuating  TGHS 
Temperature  record 
— »•  Larger  range,  lower 
frequency  than  assumed 
in  Pecher  et  al.  (2005) 


A  temperature  profiles  B 

n_  front  h@jonc  CTDb 
lemperalu-ra 
sensor. 
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@saum6d  , 

, upper  Pound  c?4 
for  temperature 
fluctualisns 


new  /  anginal 


lower  bounds 

ter  ternpentura 

riUClUalwnS  hydrate' 


Revised  level  of  ZIS 
1/7  and  4/8:  ZIS 
2:  Old  top  of  ZIS 
3,  5:  Ridge  crests 
6:  BSR  pinchout  in 
line  2 


Rock  Garden  and 
Ritchie  Banks 

Seafloor  erosion  at  top 
of  gas  hydrate  stability? 


Bathymetry 

ZIS:  zone  of  intermediate 
stability 

S-l:  Structure-I  forming 
gas  mix 

CH4:  Methane  hydrate  in 

seawater 

(see  below) 


Hypothesis  -  weakening  of  sediments  from  repeated  gas 
hydrate  dissociation  and  formation  (Pecher  et  al.,  2005) 


warming 


phase 

O  boundary 

O  gas  * 

O  o 

i  ir 

O  hydrate  <> 


°  (V 


gas  hydrate 
i  dissociation, 
expansion  of 
pore  volume, 
formation  of 
cracks 

gas  hydrate 
formation, 
contraction  of 
pore  volume, 
closing  of 
cracks 


Weakened  sediments 
sliding  down  ridge, 
carried  away  by 
currents 

Only  hypothesis 
(discussion:  erosion, 
penetration  of 
temperature  signal, 
escape  of  gas,  etc., 
etc.) 

Focus  on  gas  release 

New  insights  since 
2005 


Rock  Garden  and 
Ritchie  Banks 

Key  observation:  edge  of 
flattened  plateaus 
coincides  with  BSR 
pinchouts  (top  of  gas 
hydrate  stability,  TGHS) 


Seismic  lines 
(NPB0304D)  across 
Rock  Garden  and  Ritchie 
Banks.  Red/blue:  ZIS  as 
in  previous  figure;  after 
Pecher  et  al.  (2005)  and 
Pecher  et  al.  (submitted) 


Rock  Garden  and 
Ritchie  Banks 

•  Another  flattened  ridge? 

•  Line  T16  beyond  ZIS  but 
most  of  this  ridge  within 
it 

•  Slumping,  initiated  at 
THGS?  (Modelling: 
Fohrmann  et  al.,  2006) 
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Rock  Garden  and  Ritchie  Banks 


•  Dredge  samples  TAN0607  Mudstone  seems  to  be 
“country  rock” 

•  Role  of  carbonates? 


Mudstones  (left),  sandstones,  carbonates,  TAN0607 


Rock  Garden  -  Gas  Above  Faure  Seeps 

At  one  CTD  station,  high  CH4  concentrations  were  found  in 
only  100  m  water  depth.  Higher  concentrations  were  also 
detected  at  the  sea  surface,  but  vanished  after  a  storm. 


From  J.  Greinert,  2007 


Rock  Garden  and  Ritchie  Banks 

•  Original  hypothesis:  Freeze  thaw  cycles  of 
hydrates  lead  cracking  due  to  volume  expansion 
from  gas  release  during  dissociation 

•  Now:  Role  of  capillary  forces  in  confined  spaces: 
Cracking  (or  widening  of  existing  cracks)  due  to 
hydrate  “volume  expansion”  during  formation? 

hydrate  Conceptual  model  of  hydrate  growth  into 

Y  cylindrical  pore  throats  leading  to  capillary 
forces  (after  Anderson  et  a!.,  2003) 


•  Repeated  freezing/thawing  of  water  ice  common 
technique  to  disintegrate  mudstones... 

•  Keep  in  mind:  repeated  slumping  at  BGHS,  gas 
column  beneath  hydrates  -  only  hypothesis! 


Summary  -  Rock  Garden  and 
Ritchie  Banks 

•  Hypothesis  of  seafloor  erosion:  Role  of  capillary 
forces  during  gas  hydrate  freeze-thaw  cycles  in 
mudstones? 

•  Gas  conduits  that  feed  vent  sites  resolved  in  seismic 

•  Faure  seeps,  vent  site  at  TGHS,  perhaps  (!) 
contributing  to  elevated  methane  concentration  at 
sea  surface 


Rock  Garden  -  Gas  Beneath  Faure  Seeps 


(after  Crutchley  et  a!.,  in  prep.) 


Porangahau  Ridge 

Five  main  working  areas  have  been  defined  for  detailed  studies  during  SOI  91. 


Leg  1 

MC  seismic,  side  scan, 
OBS/H,  CSEM,  MB, 
equilibrator,  deep-tew- 
■streamer^ 


Leg  2 

Side  scan,  lander 
deployments  (FLUFO,  BIGO, 
GasQuant),  sediment 
sampling  (GC,  MUC), 
carbonate  sampling  (TVG), 
water  column  sampling, 
mooring,  MB,  equilibrator 
Leg  3 

Lander  deployments  (FLUFO, 
BIGO,  GasQuant),  sediment 
sampling  (GC,  MUC), 
carbonate  sampling  (TVG), 
water  column  sampling,  MB, 
equilibrator  and  ROV  dives 


(from  J.  Greinert,  EGU  2008  talk) 
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TWT(s)  TWTfs) 


TAN0607  tracks 


— 

177 '20'  177 ■30' 


TAN0607,  R/V  Tangaroa :  625  m  streamer  (initially),  45/105  cu-in  Gl  gun 
Processing:  NMO  (water  velocity),  stack,  migration 


TAN0607  lines 


TAN0607  lines 


extensional  faulting 


distance  (km) 


TAN0607  lines 


TAN0607  lines 


TAN0607  lines 


distance  (km) 
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TWT(s)  TWTfs)  TWT(s) 


TAN0607  lines 

still  some  “wiggliness” 


Along  05CM-038  (results  from  waveform  inversion  shown  later) 


TAN0607  lines 


TAN0607  lines 


TAN0607  lines 


Full  waveform  inversion 


Full  waveform  inversion  on  seismic  amplitude  anomaly  above  BSR  shows  high 
velocities  from  gas  hydrate  layer  (from  Crutchley  et  al.,  in  prep.) 


Full  waveform  inversion 


— >  Distinct  high-velocity  layer  above  low-velocity  layer 
— ►  Gas  hydrate  above  gas 
— ►  At  phase  boundary  (local  BGHS) 

(from  Crutchley  et  al.,  submitted) 
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Line  P04 


Weaker  reflection  with 
positive  polarity  above 
strong  reflection  with 
negative  polarity? 

Gas  hydrates  above 
gas?  (Next  step:  acoustic 
impedance  inversion  — ► 
S.  Toulmin) 


Example:  Gas  and  hydrates  (?) 
in  steeply  dipping  faults 


Gas  in  faults  beneath  ridge,  similar  features  in  slope  basins 
May  explain  why  we  haven’t  seen  any  flares  or  pronounced 
geochemical  anomalies  -  very  localized  (and  ephemeral?) 


Heatflow  from  top  of  amplitude 
anomalies 


formes  dm} 


Strong  advective  heatflow  anomaly, 
focusing  of  fluid  expulsion 


CSEM:  K.  Schwalenberg,  BGR;  Seismic:  GNS  Science 
Joint  evaluation  planned  for  7-9/2008,  S.  Toulmin,  K. 
Schwalenberg 


Fluid  expulsion  on  the 
southern  Hikurangi  margin 


low-flux  environment 


n 

Highly  fractured! 
__  o  O  ^mudrock 

undeformed  low- _  ^  n  ^ 

permeability  cocksy 

-fluid  migration 
along  thrust  fault 


Porangahau  Ridge 


TANWQ7  nufUKjBmtrv  Lin*  2  (VS  URL) 


Condurttm  *  Afosctivn  Flu*  CondutJwfl  Offly 


Porewater  Chemistry, 
Surface  Heat  Flow,  and 
CSEM 

— >  Poster  Coffin  et  al. 


TAN0W7  Lir*  2  (W* 


(Note:  heatflow  story 
more  complex  than 
pretended  for  this  talk) 


Thermal  anomaly 
Warren  Wood, 
pers.  comm.,  2006 

Heatflow  data:  NRL 
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Summary  -  Porangahau  Ridge 

•  Evidence  for  strong  advective  heatflow 
anomaly 

— ►  Focussed  fluid  expulsion  on  southern 
Hikurangi  margin  along  thrust  ridges 
and  possibly  “pipes”  through  slope 
basins 

•  Slope  basins  otherwise  seem  to  be 
low-flux  environment 

•  Missing  link  -  water  chemistry/pore- 
water  chemistry/geophysics 


SQ191  Overview:  11.  lanuarvto  23.  March  2007 

Five  main  working  areas  have  been  defined  for  detailed  studies  during  SOI  91. 


Leg  1 

MC  seismic,  side  scan, 
OBS/H,  CSEM,  MB, 
equilibrator,  deep~tew- 
■streamet^ 


Leg  2 

Side  scan,  lander 
deployments  (FLUFO,  BIGO, 
GasQuant),  sediment 
sampling  (GC,  MUC), 
carbonate  sampling  (TVG), 
water  column  sampling, 
mooring,  MB,  equilibrator 
Leg  3 

Lander  deployments  (FLUFO, 
BIGO,  GasQuant),  sediment 
sampling  (GC,  MUC), 
carbonate  sampling  (TVG), 
water  column  sampling,  MB, 
equilibrator  and  ROV  dives 


(from  J.  Greinert,  EGU  2008  talk) 


SQ191  Overview:  11.  lanuarvto  23.  March  2007 


Five  main  working  areas  have  been  defined  for  detailed  studies  during  SOI  91 . 


Leg  1 

MC  seismic,  side  scan, 
OBS/H,  CSEM,  MB, 
equilibrator,  deep-tew- 
■streamer- 


Leg  2 

Side  scan,  lander 
deployments  (FLUFO,  BIGO, 
GasQuant),  sediment 
sampling  (GC,  MUC), 
carbonate  sampling  (TVG), 
water  column  sampling, 
mooring,  MB,  equilibrator 
Leg  3 

Lander  deployments  (FLUFO, 
BIGO,  GasQuant),  sediment 
sampling  (GC,  MUC), 
carbonate  sampling  (TVG), 
water  column  sampling,  MB, 
equilibrator  and  ROV  dives 


(from  J.  Greinert,  EGU  2008  talk) 


(from  Schwalenberg  et  a!.,  submitted) 


Omakere  Ridge:  Sediment  gas  composition 

One  core  (MUC-5)  at  Bear's  Paw  showed 
high  concentrations  of  higher  HC. 
Otherwise  &  elsewhere  by  far  mostly 
methane  (from  J.  Greinert,  2007) 


Wairarapa  -  CSEM 

s'  **’]  aw  ME  ' 


u  isyy  2S@y  MBQ  4800  SOuQ 


(from  Schwalenberg  et  a!.,  submitted) 
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Wairarapa  -  CSEM 


Research  Plans  -  NZ 

Ministry  of  Economic  Development 
(Crown  Minerals)  considering  to 
exclude  gas  hydrates  from  petroleum 
permitting  (??)  -  (re-establishment  of 
International  Research  Corridor  for 
Gas  Hydrates) 

Gas  Hydrates  Roadmap  (Beggs  et  al., 
2008)  -  Economic  analysis  of  the 
viability  of  gas  hydrates  extraction  — ► 
aiming  for  extraction  by  ~2020 


Outline 

•  Tectonic  setting 

•  History  of  gas  hydrates  research  on 
the  Hikurangi  margin 

•  Highlights  of  recent  (2005+)  surveys 
►  Research  plans 

•  Discussion  -  why  the  Hikurangi 
margin? 


Research  Plans  -  NZ+Intl. 

•  NZ  as  of  2008  part  of  IODP 
consortium  (5%?)  -  future  proposals 
from  NZ  may  have  strong  gas 
hydrates  component 


Research  Plans  -  NZ 

•  GNS  Science:  FRST  re-bidding  - 
strong  focus  of  leveraging  future 
international  research  campaigns 

•  Canterbury  Association  of  Engineers 
(K.  Chong)  -  development  of  gas 
hydrates  strategy  aimed  at 
production  in  the  future  -  seeking 
additional  funding  from  Ministry  of 
Economic  Development 


Research  Plans  -  Inti. 

•  IfM-Geomar  proposal  to  return  with 
R/V  Sonne,  with  GNS  leverage  (J. 
Bialas,  G.  Netzeband,  et  al.) 

•  3-D  SwathSeis  +  4-C  OBS 
•CSEM 

•  Heatflow 

•  Gravity  coring 

•  ROV 

Strong  focus  on  linking  gas 
conduits  (3-D  seismic)  with  vents 
Etc.,  etc.  (sorry  I  am  a  geophysicist) 
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Outline 

•  Tectonic  setting 

•  History  of  gas  hydrates  research  on 
the  Hikurangi  margin 

•  Highlights  of  recent  (2005+)  surveys 

•  Research  plans 

►  Discussion  -  why  the  Hikurangi 
margin? 
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Southern  Hikurangi  Margin  Gas  Hydrate  System 


Ridges:  high  flux,  BSRs 
strongest  beneath  anticlines 

Gas  escape 
through  faults? 


Link  BSRs/gas  hydrates  with 
low-refl.,  older  (?)  material  - 
role  of  fractured  mudstones? 


Extremely  high  fluid  flux, 
high  advective  heatflow  — » 
“BSR”  shoaling 
Gas  escape  — ► 
Disappearance  of  “BSRs” 

Slope  basins: 
low  flux,  no  BSRs, 
overpressured? 


—*■  Link  BSRs/gas  hydrate 
with  supply  of  older  fluid 
*o  (recycling?);  but  whati  s 
source  of  methane? 
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4.  Development  of  Natural  Gas  Hydrate  Transport  System.  Tatsuya  Takaoki,  Mitsui  Engineering  and 
Shipbuilding  Co.,  LTD. 


-Natural  Gas  Transportation  inform  of  Hydrate* 
(NGM  Supply  Chain} 
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10.  MGII  VS.  LNG  in  Properties 
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14,  NGHTnaaportHiaB  Chain 


NGH  Japan  Co,rUd 


1 2,  >Vo  rid  G*V  Ffcltfc  DbtHbotk)  n  JS?  NGH  Japan  Cq^  UiL 


Jtar  lire  *  k*  «if  TwdKon  &  sraitiet  *erc-  pa  fKfeb  b  Hie  wwiM  oifihc  <n  « ®Wt»  m  rowifcer 

■ri4MJbtaDUH. 


I F.  Mill  FrcidiK lio n  I'linl  imd  txpcul  I  tnninal 
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16,  N'GH  IJtcltcfllfd  C  anitr 


NGH  Japan  CO,.  Lid. 


SOH  dtditareii  eanwt  a  n]nipkl  u«ndii  capacity  of  [OMM  ua  iLNG  i.VHKI  uiti  Milt 
imkirnl  uip  pan 
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17.  Cumuli  Cost  NGH  vs.  LNG 


NGH  Japan  Co.r  Ltd. 


2l>.  NGH  Market  Are* 


NGH  Japan  Co.,  Ltd. 
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ofutod  fi.«W  V-3II  OK.  NGH  ji  WUIVUDOI I  p  inpilaj  c«.1  liiii|uu\I  with  LNG  by  JV* 
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2  J  Milestone  of  NGH  ('ommefCLaliAilion 


NGH  Japan  Co.,  Ltd. 
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22-  Development  of  NGH  fee  tjnoEojjy 


NGH  Japan  Co.,  Ltd. 
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5.  Resource  Assessment  of  Methane  Hydrate  in  the  Eastern  Nankai  Trough,  Japan.  T.  Fujii,  Japan  Oil 
Gas  and  Metals  National  Corporation. 


<>  JOGMEC 

fy— 


Resource  Assessment  of  Methane  Hydrate 
in  the  Eastern  Nankai  Trough,  Japan 


T.  Fujii,  T.  Saeki,  T.  Kobayashi,  T.  Iriamori,  M.  Hayashi,  O.  Takano,  T.  Takayaina, 

T.  Kawasaki,  S.  Nagakubo,  M.  Nakamizu  and  K.  Yokoi 

Japan  Oil,  Gas  and  Metals  National  Corporation  (JOGMEC] 


INTRODUMTIQN 

Salamlc  data  insm  i  toe  Ncnkal  Trough,  affatoore  cwilral  Japan  Irdlcalss 
w  despread  d  lain  duller  or  uottern  aimii  sting  jetieoiws  |BS  r;.  that  are 
Interpreted  to  represent  ower  boundary  or  methane  hydrade(MH|  bearing 
zones.  t/-\  lr  the  Hanks  Trough  Is  a  potential  natural  gaa  resource, 
however,  ths  velum*,  distribution,  and  Docursnce  or  P-1H  In  this  area  la 
poorly  underload.  Resource  assessment!  otMH  In  onshore  Japan  has 
been  a  Ism  p  ted  intensively  by  savaral  ne-eBarcheirs  In  the  past  [i,  2]. 
Howavar.  praclae  assessment  based  on  high  density  2DflD  seismic 
suwy  data  and  wall  c  ate  had  ret  cssn  conducted. 

Resource  asassantant  oJ  medians  hydrate  i'MH;  In  the  Baain’  Nankai 
Trough  was  conducted  through  probabilistic  approach  using  2E15D 
•seismic  data  ard  Orllllrrg  aurvaydata  Trom  ME"n  axptoraiwy  teal  wells 
"Tctoal-okl  to  KurianD-nada*  [3, 4, 5.  G}  Wfc  hava  extracted  mors  than  1  a 
prospective  ::MH  ednoentrated  zones'  [T,  8]  characterized  by  high 
resistivity  In  well  tog.  Strang  seismic  raflactora,  salBmlc  high  velocity,  and 
luraldlte  deposit  delineated  by  sedimentary  Tac  es  analysis 


1  Survey  Area  {The  eastern  Nankai  Trough) 
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Method 


The  amount  of  methane  gas  contained  In  Mi  b&aring 
layers  was  oatoulaled  using  volunstito  msth&d  Tor 
sash  zone,  Each  parameter,  such  as  gross  rock 
vo  I  urns  |GRVj.  net-to-gross  ratio  per  batty  ( c), 

Mi  pora  saturation  |Sh|,  cage  occupaarcy.  and  volume 
ratio  was  given  as  probaHI  Istic  distribution  tor  tine 
Monte  Cano  simulation,  ccnalde-  ng  tine  uncertainly  of 
these  BvaiuatlbnB. _ 


VdlLmelrlc  Method  (Gross  Reel?  Volume  Model:  wtn  Prct-at  isUc  Asproasn 
Mh  Resources  (to  place;.  -  GRVxlUG  *  4  *  S*  *  VR  *  co^2B.3 
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3  Gross  Rock  Volume  {GRVj  Estimation 

1.  Strong  sslsmlo  amplitude  anomaly  *  velocity  anomaly 

3.  Tlme-1o-dep:r  eonvsrsor:  Internal  velocity  derkad  from  Selsmte  Vision 
While  Drilling  jSYWDri. 

3.  RJaK  factcr  was  applied  tor  the  estimation  of  the  GRV  In  2D  aelsrrlc  area 
considering  the  uncertainly  of  se  smlc  Interpretatton. 


4  Net-to-Gross  ratio  (N/G  Estimation  (1) 


With  Control  Well: 

Relationship  between  L'-VD  raalsllvlty  and  grain  size 


5  Net-to-Gross  ratio  (N/G}  Estimation  (2) 

W,'0  Control  Well 

Seismic  fa  ole  &  map  created  by  sequaroe  stratigraphic  approach  [3] 


35 


0  Net-to-Gross  ratio  N/G)  Estimation  {2) 

W/O  Control  Well 


7  MH  pore  saturation  (5h)  Estimation  (1) 

With  Control  Well 


1,  Combination  nr  Density  leg  and  NWt  log  (CWR  method  [ID,  11]| 
a.  Calibration  Dyctiasfved  gas  volume  from  oriioard  MH  dissociation  bests  [4,  6] 
usJ  ng  Pressure  Temperature  Cote  5-amjHar  (FTC S  [3. 1 2}\. 


3  MH  pore  saturation  (Sh)  Estimation  (2) 

W.'O  Control  Well 


RBlatsonahlpbstweer  selsmte  P-wave  inrisrvai  velocity  arvd  Sh  from  NMR  leg 
al  w#ll  location. 


9  MH  bearing  layers  other  than 

MH  concentrated  zones:  bsr  distribution 


10  Results  of  Resource  Assessment 


JKM5MEC 


(Methane  gas  in  place) 

1.  ToiaJ  amount  of  methane  gas  In  place :  40  be'  iFmaan). 
a.  3ss  In  place  for  MH  cmGsrrtratsd  zone:  20  h:  [Pmeaij  -  Hair  of  Total  amour* 
a.  £0  tcT  dec- cof  responds  bo  Die  amount  or  methane  In  the  eastern  Manual 
Tough  |7QCOKnv;i  evaluated  by  Baton  ef  aJ.  (ISSGi  [1], 

4  iJ  bof  conespcrics  to  1 4  years  annual  corsunptloi  or  natural  gas-  In  JaK*i 
I  a,  Si  of.  BP  statistical  review  in  2M5|. 


£.  Area]  extent  or  BSR  In  olt  study  In  the  eastern  Nanfeal  Trough  K.fiBTKrn'l 
occupied  only  about  I  D'S  of  assumed  whole  SSR  of  cfTenore  Japan 
|&1,e3Dhn2'.  1 23. 
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1 1  Example  of  Probabilistic  Distribution 
and  Sensitivity  Analysis 


PrDt-stllsUc  dsl-bullor  of  Methane  cat 
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VP  — 


leflres  :-J  iBfBll  v  ly 
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CONCLUSIONS 

Total  amount  or  methane -gas  In  place  contained  In  MHwtthln  survey 
area  In  the  eastern  Nankal  Trough  was  entreated  1o  fee  Stefas  Pmean 
(averagej  value  (P50: 10  tor,  Pile  83  ten.  Total  gas  In  pJace  Ter  MH 
concentrated  zore  was  eellmafted  bo  be  2D  ter  |HalToMotel  amiounti  aa 
Frnsan  value(F9D:  S.3  tef,  PIG: 39  ton  Sensitivity  analysis  Indicated 
ttiai  Die  hUG  and  Bh  hays  higher  sensitivity  than  rther  panama-tare,  and 
they  are  Important  tor  rurthar  detail  analysis. 
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B.  Breakout  Sessions 


1.  Characteristics  of  hydrate  in  marine  sediments  and  commercial  value  of  hydrate. 

Session  Chair:  Warren  Wood 
Suggested  Topics: 

What  are  the  present  limitations,  and  corresponding  challenges,  in  our  understanding  of  the  dynamics 
of  marine  hydrates  in  porous  media? 

How  can  we  best  bridge  the  knowledge  gaps  so  as  to  improve  our  abilities  to  quantify  the  commercial 
value  of  different  marine  hydrate  occurences  in  terms  of  hydrocarbon  distribution  and  feasible 
exploitation  schemes? 

Alternative  approaches  for  in  situ  conversion  to  energy  and/or  other  products? 

International  priorities  and  possibilities  for  funding  international  research  collaboration. 

Overview  of  Discussions 


Characteristics  of  hydrate  in  marine  sediments  and  commercial  value  of  hydrate 
WHAT  DO  WE  NEED 

How  do  hydrates  form  in  sediments? 

Fine  -  coarse  grained 

Water  in  gas  a  problem  for  production? 

Dissociation  around  heat  pipes  spacing,  heat  input 
Challenges  -  Looking  in  the  wrong  places? 

Need  to  find  good  reservoirs.  Challenge  is  to  geophysics  or  geologists.  Go  for  sands 
Predict  from  sesimic  profiles  -  build  geological  -  hydrocarbon  model.  Include  possible  sands 
slumped  from  shelf  edge.  Prospecting? 

What  concentration  threshold  is  required  for  commercial  viablilty.  Production  rate  is  also 
crucial. 

Activities  need  to  be 
1)  profit  driven  (eg  oil  shale,  tar  sands) 

And/Or 

2)  Nurtured  by  govt.  Or  research  community 

Is  each  occurence  of  hydrate  unique?  Hydrate  formations  are  significantly  undersampled,  (how 
do  clays  and  other  environmental  factors  affect  hydrate  concentration,  potentia  for  flow,  etc) 
How  do  soils  frature  pnumatically 

What  are  the  effect  of  grouting  and  other  production  activites 

Production  requires  melting  -  how  do  we  do  this?  Heat?  Chemistry?  Pressure? 

Improved  rock  physics  models  with  hydrates.  Lithology  and  frequency  dependent,  perhaps  also 
anisotropic 

CSEM  joint  with  seismic  -  simultaneous  modeling  and  inversion 


•  Achieving  goals 

•  Start  by  looking  at  hydrates  that  are  auxilary  to  conventional 
fields-  gain  experience  with  reduced  risk 

•  Production  Modeling  needs  improvement 

•  Look  where  we  have  existing  infrastructure  (e.g.  Petrobras  and 
other  deep  water  operators) 

•  Data  from  shallow  sections  logs  and  seismic 

•  Can  these  be  acquired  and  released  at  minimal  cost? 

•  Look  at  old  data  in  new  ways  (resistivity) 

•  Develop  and  use  new  technology  -  pressure  cores 

•  Higher  resolution  data 

•  Use  geohazard  data  better 
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•  In  Situ  energy 

•  How  can  energy  be  used  locally  to  enhance  recovery  or  profit 

•  Fuel  cells  on  the  sea  floor  (seafloor  battery) 

•  Convert  methane  to  carbon  and  hydrogen 

•  Rates  are  a  limiting  factor 

•  C02  sequestraion,  political  pressure  forms  economic  pressure  in 
the  form  of  carbon  credits. 


Take  away 

•  Need  access  to  Higher  resolution  seismic  (3D) 

•  Production  rates  as  well  as  volumes 

•  Improved  production  models  (include  hole  maintenance,  flow 
assurance  through  stability  field,  enhanced  recovery) 

•  Exploration  and  geologic  models  that  include  shallow  seismic 
and  logs 


•  International  Priorities 

•  Systematic  excercise  in  comparing  regions. 

•  Globalization  of  analyses.  Databases  holding  raw  and  analyzed 
data  from  drilling,  seismic  etc.  Very  few  data  sets  presently 

•  Data  sharing  between  countries  and  companies.  Most  hydrtate 
programs  are  national  or  driven  by  national  needs. 

•  Reduce  risk  of  loss  for  oil  companies  sharing  data 

•  Collaborations  like  JIP  govt  and  industry  (e.g.  seismic 
exploration  is  dominated  by  industry  -  what  would  it  take  to 
share?  Pressure  core  technology  developed  largely  by  EU. 

•  Political  leadership 


2.  Methane  hydrate  fluxes  from  the  ocean  and  potential  climate  implications. 
Session  Chair:  Jens  Greinert 
Suggested  Topics: 

What  are  the  impacts  of  natual  methane  flux  on  climate  change? 

What  is  the  temporal  and  spatial  variability  of  methane  flux  to  the  atmosphere? 
What  is  the  impact  of  climate  change  on  global  economy? 

What  is  the  contribution  of  methane  to  ocean  carbon  modeling? 

How  do  we  model  methane  contribution  to  climate  change? 
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Overview  of  Discussions 

Breakout  Session  B:  Methane  hydrate  fluxes  from  the  ocean  and  potential  climate  implications. 


Key  Points: 

1 .  Bubble  vs  dissolved  flux  for  water  column  input.  Breakout  bubble  dissolution  relative  to 
atmospheric  input. 

a.  Consideration  of  bubble  transport  distance  (water  column  depth),  bubble  gas  concentration, 
chemical  outer  shell  coating,  water  column  methane  concentrations,  water  column  methane 
turnover,  water  column  salinity  and  temperature  is  necessary. 

b.  Need  modeling  to  determine  the  key  parameters  to  predict  the  methane  fate  water  column  vs. 
atmosphere. 

c.  Model  will  include  total  cycling  relative  to  grazing,  nutrient  mineralization. 

2.  Basic  focus  in  water  column  vs.  atmosphere  methane  flux.  This  needs  to  be  quantified. 

a.  Set  transport  water  column  vs.  atmosphere  in  vertical  line  near  shore  to  offshore.  Include 
methane  concentrations  in  the  water  column  and  concentrations  caught  in  water  column- 
atmosphere  gas  trap. 

b.  Compare  trends  for  constant  flow  vs.  random/high  flux  features. 

c.  Does  tidal  variation  or  current  circulation  change  these  profiles? 

d.  Set  spatial  region  in  locations  that  are  stable  temperature  vs.  changing  temperature  for 
predictions  of  climate  change  impact. 

e.  Couple  these  surveys  with  the  Greinert  sediment  hydroacoustic  profiler. 

3.  Need  an  environmental  assessment  that  incorporates  modeling  and  field  work  in  the  current 
Arctic  to  predict  future  methane  flux  and  the  contribution  of  methane  to  the  climate  change. 

a.  Need  to  set  the  limits  for  impact  of  methane  on  atmosphere  as  a  function  of  water  column 
depth.  This  needs  fieldwork.  This  focus  is  set  with  the  thought  that  methane  flux  is  not 
significant  at  a  water  column  depth  of  200  m  and  greater. 

b.  Studies  focus  on  continental  margin  stability  controlled  by  carbonate  formation  via  methane 
oxidation. 

c.  Methane  contributions  to  carbon  cycling  in  sediment  and  water  column. 

d.  We  need  some  thorough  spatial  survey  of  the  in  situ  methane  turnover. 

Summary: 

1.  Need  general  ocean  model  to  (GCM)  to  include  methane  input.  This  would  include  seasonal 
forcing,  bubble  dissolution.  This  could  use  the  Gulf  of  Mexico  model  and  transition  to 
Arctic.  This  would  need  a  combination  of  modeling,  geochemistry,  satellite  imaging,  and 
physical  oceanography. 

2.  Need  fieldwork  to  set  depth  of  concern  for  the  methane  flux  to  water  column  vs.  atmosphere. 
This  would  contribute  to  the  methane  carbon  cycling  in  the  water  column.  Need  thorough 
breakout  of  dissolved  and  gas  phase  cycling  from  sediment  to  the  water  column  in  different 
water  columns  with  consideration  of  depths,  meso-scale  eddies,  temperature  profiles,  etc. 
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Participants 


NAME  AFFILIATION 


N.  Langhome  ONR  Global 

G.  Nihous  University  of  Hawaii 

Y.  F.  Chen  Geological  Survey  of  Norway 

H.  Haflidason  University  of  Bergen 

T.  Treude  IFM-GEOMAR  Kiel,  Germany 

E .  V aular  University  of  B  ergen 

R.  Baker  US  DOE-NETL 

L.  Hamdan  NRL 

P.  Jackson  British  Geological  Survey 
A.  Lemon  University  of  Leicester 

E.  Allison  US  DOE-DC 

R.  Coffin  NRL 

J.  Greinert  University  of  Ghent 

Session  C:  Laboratory  and  pilot  scale  experiments 

Session  Chair:  James  Howard 

Suggested  Topics: 

Can  we  design  realistic  laboratory  experiments  which  can  be  representative  of  real  systems  that  have 
developed  over  geological  time  scales? 

What  are  the  available  monitoring  techniques  and  what  are  the  corresponding  limitations? 

Is  there  a  need  for  controlled  pilot  scale  experiments  on  artificially  constructed  formations?  And  if  so 
-  how  should  these  be  constructed? 

Can  experimental  studies  or  pilot  plant  studies  provide  also  a  realistic  enough  platform  for 
development  of  exploitation  technologies  and  related  special  "arctic”  challenges? 

Experiments  related  to  infrastructure,  with  special  focus  on  transport  and  storage. 
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Overview  of  Discussions 


Experimental  Parameters  That 

Must  Be  Considered 

Common  Parameters 

Laboratory  and  Pilot-Scale 
Experiments 

•  Temperatures  (Heat  Flow....) 

•  Pressures 

•  Compositions  (Liquids,  Gases,  Interfaces) 

Breakout  Session  C 

Fiery  Ice  -  6 

•  Sediment  Properties  (Mineralogy,  Size,  ...) 

Bergen 

14  Mai  2008 

•  Elastic  Parameters 

Questions  for  Breakout  Session  C 


•  Can  we  design  realistic  laboratory  experiments 
that  represent  “real”  geological  systems? 

•  What  are  available  monitoring  systems  -  and 
their  limitations? 

•  Are  controlled  pilot-scale  measurements 
needed?  On  artificial  samples? 

•  Can  laboratory  or  pilot-scale  studies  provide 
realistic  data  for  field  development,  especially  in 
the  Artie? 

•  Are  there  unique  experiments  for  transport  and 
storage  issues  associated  with  hydrates? 


Realistic  (?)  Experiments 

What  Defines  “Realistic” 

•  Lab  vs.  “Pilot” 

-  Homogeneous  vs.  Heterogeneous 

-  Size  of  Pilot  Can  Vary 

-Time?  Geological  vs.  Engineering 

•  Limitations  to  Realism,  but  Still  Important 
for  Critical  Data  Used  in  Field-Scale 
Evaluations. 


Major  Areas  of  Experiments 

•  Geological  Accumulation 

•  Production  Testing 

•  Geo-Mechanics 

•  Bio-Geochemistry 

•  Thermodynamics 


Experiment  Monitoring 

Laboratory  to  the  Field 

•  Multiple  Measurements  of  Parameter 
(Transport  Properties....) 

•  Imaging 

-  CT-XRay,  MRI,  IR 

-  Sample-Size  Limitations 

•  4-D  Monitoring  of  Processes 

-  Seismic,  Electromagnetic,  Geomechanical 

-  Access,  Signal/Noise 
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Laboratory  “Pilot-Scale” 

Bigger  than  a  Benchtop 

Infrastructure  Experiments 

•  Potential  Experiments 

-  Hydrate  Accumulation,  Well-bore  Stability 

•  Limitations: 

-  Does  “Artificial”  Capture  Key  Properties? 

-  Boundary  Conditions 
-Temperature  Control 

-Cost 

•  Is  There  A  Need? 

-  Some  Experiments  Can  Stay  Small 

•  Yes  -  Needed  and  Being  Done. 

-  Flow  in  Pipes 

-  Storage  and  Transport 

Realistic  Data  for  Exploitation 

•  Production  Scenarios  Only 

•  Lab  Experiments  Useful  for  Understanding 
Some  Fundamental  Properties,  but  the 
Field-Scale  Experiments  are  Necessary 
for  Production  Planning  (Simulator  Inputs). 

•  Single-Well  Tests  Will  Play  Critical  Role  in 
Field  Planning. 
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V.  Plenary  Session  2:  Arctic  Hydrates 

A.  Invited  Speakers 

1.  Research  Planning  in  theArctic  Ocean.  Richard  Coffin,  US  Naval  Research  Laboratory 


International  Collaboration  on 
Arctic  Ocean  Research 

Richard  Coffin 

Marine  Biogeochemistry  Section 
NRL  Code  6114 

http://www.marum.de/Meeresbodenbohrgeraet_MeBo.html 


Rationale 

6th  IMHRD  -  Arctic  Ocean 

•  Gulf  of  Mexico:  1998-2007;  US,  Japan, 
Canada,  South  Africa 

•  Haakon  Mosby  Mud  Volcano:  1998; 
Russia,  US,  Norway,  Germany 

•  Mid  Chilean  Margin:  2003,  2005;  Chile, 
Japan,  Germany,  Canada,  US 

•  Hikurangi  Margin:  2006;  New  Zealand, 
US,  Canada,  Germany 


Key  Program  Topics 

•  Energy 

•  Climate  change 

•  Global  Warming 

•  Tundra  vs  Ocean  methane  flux 

•  Variation  and  changes  in  optical  and 
acoustic  signatures  (USN,  others) 

•  Long  term  monitoring,  amphibic 


Data  collection  methods 

•  Long  term  sediment  monitoring 

•  Long  term  water  column  monitoring 

•  Satellite  imaging 

•  Seismics,  CSEM,  heatflow 

•  Seafloor  morphology 

•  Gravity  and  piston  coring 

•  CTD 

•  Long  term  water  column  buoys 


International  Funding 

•  NOAA 

•  ONR 

•  EU 

•  ESF 

•  NSF 

•  Ship  time 

Need  to  mix  funds. 

Where  do  we  go? 

FY08,  FY09  ONR  3  mil  USD,  NOAA  2  mil  USD 
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Current  Arctic  Planning 

Research  Focus 

Current  Planning 

•  Climate  change/global  warming 

•  NRL  -  Coffin,  Hamdan,  Wood 

•  Methane  hydrate  exploration 

•  Heriot-Watt  -  Pecher 

•  Coastal  carbon  cycling,  e.g.,  sediment 

•  U.  Ghent/NIOZ  -  Greinert 

methane  vs.  tundra  carbon  flux 

•  U.  Hawaii  -  Masutani,  Nihous 

•  Biotic  vs.  abiotic  carbon  cycling 

•  IFM-GEOMAR  -  T.  Treude 

•  NOAA 

•  Coastal  ocean  carbon  modeling 

2.  Overview  of  Research  Plans  and  Accomplishments  for  the  United  States.  Edith  Allison,  US 
Department  of  Energy 


Update  on  U.S. 
Methane  Hydrate 
R&D 

6th  International  Workshop 
on  Methane  Hydrate 
Research  and  Development 


P?  by 

Etft*  AStSOn 

U  S,  of  En&gy 


The  U.S.  National 
Gas  Hydrates  R&D 
Program 

Begun  in  1397 

By  2*1)2  5,  ddivcr  the  sctence  ard  technology 
rieeded  bo 

-  realize  the  resource  potential  of  gas 
hydrate  s. 

—  LicesLard  gas-  hydrated  role  in 
the  natural  environment-  while... 

—  s-upporting  the  training  of 
Future  energy  scientist!- 

-  building  ihLonatiord 
collaborations 

DOE  works  with  US  Gwbq  cal  Suvqg. 
Minerals-  Management  Service.,  ElLresu  oF 
Land  Management..  National  Gcesnic  and 
Atmospheric  A  dm  in  strati  cn,  National  Sdmoe 
Foundation..  and  Naval  Research  Lab 
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Gas  Hydrates  Resources 


ex  strg  i^Elnora  (-ID's  cfTrf  m  pteel 

S3' daisies  Htftf  hm  irMrurtire  (IKKs  d  Itf  r  pl»a!> 
[-IMM  Tcf  rt  F-tstel 

hb'-£arcEto'£  manra  rtKiwrs  v.-m  ze'iireilil  h  Imlreumi 

Hjssr*£  MiTOiy  flrtd  sh Mw  rtOMtf  ftf*9l£  Iw^-nj 

pWTlEsltihjI 


■  Haeas  rg  in-pflacE  refuse 

■  i'rcrsasirg  Lniara  rty  sF  ieehigs 

■  debasing  resmuii  i|Bl% 

■  i-osasrg  tectiri-ral  emerges 

■  tbiG9»|  ft  magd  e 
— 


Marine  Gas  Hydrates 

Gulf  of  Mexico  Joint  Industry  Reject 

*  B'Odd  Consortium 

-  GD^rnmert  {DOE,  (I5G5,  HHSJ 

-  ]ndj:lTy  (CtTevmy.  £.7],  Scti&xntxxgcr,  .40.4 

fuapiijaixj 

-  Academia  (fact,  Sa.  T<xIj,  Satypt} 

-  Inbcmabanal  (XHX  (tom i£  HkKt  rlrtiuj;.  JOGtIEC 

*  Tool  Developments 

-  Nr.jrt  Seisms  hTntr^Dn  bcdmlquc^ 

-  Ncflrt  coring  devices  under  development 

-  Nevi  core  arulyas  equip mcnc 

*  Field  Expeditions 

-  Spriig  2DDS:  3-1 -h  it  id:  B  Hneqrafied  sediments 

-  Sprng  2QDB:  LWD  raploraiarv  crubt  d1  GH  in  sand 

-  2DDET7:  Goring  GH  In  sandy  «ri  me  ms 

U  i.  DEfBrtment  ijf  En&qy 


R&D  Priorities 

Gas  Hydrates  as  a  Resource 

Lepage  ft,  "da mental  science  effdits 

Understand  the  enviionmental  implbat'ons 

Develop  letaNe  explo-at'on  technologies  (pie- 
dr'll  detection  and  ch3--a0teiizatiDn) 

Co  "duct  mar 've  investigations  ta 
jssess/conf  rm  the  -escuice 

Conduct  a  series  of  long-teim  srodudtion  tests 

Develop  numerical  model^g  capably 


U.  5.  Department  ofEnsgy 


JIP  2005  Expedition 


Advances  in 
pressure  core 
collection  and 
analysis 

Subsurface  fine- 
sediment  hydrate 
poses  a  minimal 
drilling  hazard  (low 
likely  S,h) 

Potential  for  viable 
remote  detection  Sc 
quantification  of 
marine  hydrates 
confirmed 


hH  :-TTH  3IBU1 

an  FTM 


TiYtUtt;! 


Marine  Gas  Hydrate  Assessment  gusGS 
U.S.  Department  of  Interior _ 


*  [fi-placc  model  developed  rw  the-GnM 
1K\XO  htr  if  idSrt'i  £  ii'J, 

1D0D  vLj  H Xf.L  Carlo  tot*  :G,X3  £|  d  -Jjlh 

■>  CakuUto  stiimem  vciIjii:  In  Hydraie 
Hbiblhy  2nnc 
BMhvmftTy 

E-oiiihtririj-iFdjita  wit*:  tak 

veriica  sane  pe  :tm 

SudUal  iriHnfc  ^limakE 

^Hk^ioal  H£±dc££^aemintt‘pieiad^ 

+  Av-aitablc  muihaneeaLJated  Irnm  biogenic 
gas  qe  na  an  Ion..  migration  models' 


Couvuip:  l'J.  Utwn  imiu 


Afean  hydrals  In-place: 

607TC1M 
(21, 444  TCF) 

Mean  volume  In  sandatonas: 

19D  TCM 
(E.717  TCF| 

U  S.  Department  c/ Energy 


JIP  2008  Expedition 

Late  Spring 

*  lExpedTon  design 

-  expbre  pote^ifal  forhydnate- 
charged  reservoir-quality  sand 

-  multi-site  LftD  exped't'o'Y 

-  stijsequent  coring  leg  (2MB7] 

■■  Objectives 

-  high-grade  iAes  far  later  coring 

-  ca to^tion  of  seisrrfc 
techniques  for  GH  detection 

-  test  alternative  eapioration 
models 

-  'rifot  m  the  MM 5  'v place 
assessment 


CanyCiiik  iiiia  ^narg*a; 
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Drilling  Locations 

Spring  2008  LWD  Program 


13 


£ 


&E16G* 

44  C 

r*  sera 

WR3L3 


i  i  i  i  i 


C  sizas  rt?rJtfC\5  dniVin^ 

*  Nft&r  SiT&b  Hisnni 
v  sum  ffrr  J!P  2005  tirtNmg 


Green  Canyon  955 


Limrrstf  *nKT4teEKTra.n.  bjrcaJrper/oJBurTi 
sysiem  efftn^BHES  SBerrungJy  jn  pises 


Alaminos  Canyon  818 

G&iphysical  cahhratfon  and  selection  of  locations  for  futune  coring 


lc-g  m  l-wwilsri-Jv  Jph 


Li  5.  Department  of  Energy 


Walker  Ridge  313 

res i  exploration  modef.  wnh 
poiEritxal  dirscz  derecdfHi 


Long-Term  Production 
Testing 

*  First  in  the  arctic 

-  a  program  th^t  will  dlbw  cortiruous, 
iterative  tests:  ta  yield  field  data  of 
reservoir  del  rverability 

-  more  than  ore  long-term  best  likely 
reeded 

*  Ultimately,  in  the  marine 
environment 

-  will  be  vEiy  expensive, 

-  more  efficient  hy  dpplying  lessons 
learned  in  the  arctic 

*  Co  laborative  international  efforts 

U  5,  Department  of  Energy 


BP,  USGS  DOE-WETl.  GmuN  LdlKjrsKjrws,  Mf-Swaco,  OrtU-Cooi, 
Payor  Dni'iVrg,  ScWL'mbsrge:  I’ni&rpferauDn  sonncBS  fan... 
■f/tfsrSco 'iT  Company.  <?PS  Energy,  45  RC  Energy  Sstvycm.  ,?wd  Hycatog, 
Gr&gw  S:a:&  unwwsiiy,  U.  AiasHs-FurtanHs..  IT.  Aninna 


Mt.  Elbert  Test 

Field  Operations,  Februa 


» - 
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Field  Operations 


Wireline 

QiJtrtandng  P^rf>3rmarct  af  Ccricn 
wirriine-rdtrievafcile  system 

-  otl-bascc  mud;  chlted  in  F 

-  SCrf  od  cored  with  BffW  recovery 

261  cut-samp  es  obtained 

-  7  samples  In  liquid  nitrogen 

-  -4  MTi(]Il3  In  pmS&UTC  vessels 

-  52  f-zi  physical  prepefbes 

-  -W  ter  parewater  geochemistry 

-  5  Rar  thermal  propciitlcs- 

-  3fi  tor  microbiology 

-  4G  tot  oroa-lr  geochemistry 

-  IStof  petm  physics 

Red  pi  aits: 

-  METL.  LHNL,  FTHNL.  ORNL.  C5M. 

MRCwv  LtSGS^  CP,  QSU,  Cool  Lobs 


Phase  2:  Delineation/Evaluation 


"ML  Eibeit"  C  and  D  sandstones 


Prospects  occur  in  an 
undriledr  fault-bounded 
trap 

Seismic  attribute  u:ed 
to  estimate  reservor 
thickness 

and  saturation  for  two 
prospective  zones: 

-  An  upper  "D"  Eind: 

46'  thick  with  t-G%  Sgh 

-  The  "C"  send: 

70'  thick  with  B5%  Sgh 


l  Air.  T..  lh.  M..  Tjywr.  0. 

* I'iiVL  it  .  lm.‘*u  r  ud  c;  'll  cv*n 


Pre-drill  Prediction  vs 
Field  Results 


Mount  Elbert  MDT 
Results 

Co'YfirTiat'o'Y  af  gas  lelease  via 
depies_  tiz=ticn 

C  Edr  indicdtio-  that  depressurization 
alone  m=y  be  sufficient  m  select  (T) 
settings 

Co'YfirTiat'o'Y  of  mobile  wartH-  phdse 

-  Sgh  =  €5%?  25%  =  Swiir 

-  Sgh  =  7ff%?  10%  =  Swiir 
CeteiminatiDn  of  intiinsic  K 

-  0.12- 0.17 -nD 

Reforms:  on  k  "sties  rray  be  important 
Detailed  reservoir  heterogeneity  may 
control  productivity 

U  5.  O^jBrtntent  of  Energy 


Mt  Elhert  Gas  Hydrate 
Well  Summary 

DamonctratHd  safe  collection  oF  cfata  in  shallow 
unconsolidated,  CH-bearing  sediments 

-  good  hole  -  outsiandng  com  recovery  and  leg  sul te 

Confirmed  Gtl  reso-voir  in  dose  cor/crmanoe  ba  pre-mil 
predictions 

-  -ablity  bo  prospect  tor  hydram  using  -SSjC  approach 

-  Improved  confidence  In  broader  AMS  GH  resource 

JSSHHTlBl 

Ccsringi,.  Loggng..  Pressue  Testing  Program 

-  duly  h-ic c-tv  a to d  dam  and  sample-  set 

-  moveable  Itufca  In  luly-sjtjrated  riser  «lra  quantrvid  and 
rriirii 

-  gas  release  v«a  depress  jrlzm  Ion  - 


U  E.  Deportment  of  Energy 
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•ttw  ft.  Jl.il Kill 


2010  Production  Test 

Site  Selection  Parameters 

*  Location  that  allows  continuous,  long-teim 
access  tar  as  long  as  necessa-h1 

■■  Designee  ta  piuvide  t"£  ben  data  hor 

dete-rnining  the  potentul  productivity  of  gdS 
hyd-ate  lESEavnire 

-  MaiimiM  the  samcc,  mot  necessarily  the  rate 

*  Minimize  irr  oadt  on  existing  operat'o^ 

*  Manage  risk:  operationally  s'Tiple,  w't"»  best 
reservoir  conditions 

*  Leam  fmn  othe-s  -  Mallik 


U.  S.  Deportment  of  Enogy 


Research  on  Environmental 
Impacts  of  Methane  Hydrate 

Issued: 

*■  Methane  hyc-ate  captures  nr  c-oodl  and  theimogenic  rn ethane, 
seeping  itf-OTi  reading  the  ocean  and  aiTicrsphere 

*  Methane  may  :e  released  from  karate  as  ocean  waters  dnd 
oermi  frost  warm 

Research: 

►  Past  warming  events:  temperance  increasEC  before 
atmnsoheiic  methdne  rose 

*  I  sot  Die  a  "alys  s  of  sou  -ce  of  methane  inclusions  n  ice  cores  - 
hydrate.  te-rest-ia  I? 

*  Microbial  methane  production  rates. 

*  Fate  of  metha  Be  in  the  ocean  column 


Li  S.  t^pBrtmentof  ljjBgF 


International  Comparison  Study 

Office  Seeding  gas  hydrate  reservoir  simulators 

■  Simulators: 

-  STARS 

-  Tcugh-i'Hydrate 

-  HRS 
-MH21 

-  STOMP-Hydidte 

■  PuHic  website  with 
p-oblems,  results, 
and  analysis: 

■  www.J7etf.dQe.gjok/ 
m  e  tha  ne hydrate  s 


Problems  of  increasing  complexity: 

1.  Base  Case  -  ID,  closed  system 

2.  Base  Case  *  Hydrate 

3.  ID  (Cartesian]  Production 

4.  ID  (radialji  Production 

5.  2D  Production 

b  History  Matching  -  Alaska  MDT  test 
7.  Production  Scenarios 

1.  Mt.  Elbert-like 

2.  Prudhoe  Bay  L-Pad: 

3.  Formation  "ear  base  HSZ 


Li  S,  Department  of  En&gy 


3.  USGS  Methane  Hydrate  Research  Activities,  Thomas  Lorenson,  US  Geological  Survey 


USGS  Gas  Hydrates 
Project  Overview 


International  Workshop  on 
Methane  Hydrate  R&D 

14  May,  2008 

■USGS 


CMSP  ERP 


Warren  Agena 
Tim  Collett 
Myung  Lee 
John  Miller 
Vacancy-Sci. 
Vacancy-Ops 
Tanya  Inks  - 


Tom  Lorenson 
Pat  Hart 
Steve  Kirby 
Laura  Stern 
John  Pinkston 
Students 


Three  Regions 
Five  Teams 
Two  Programs 
One  Discipline 


VeeAnn  Cross 
Dave  Foster 
Debbie  Hutchinson 
Dave  Mason 
John  Pohlman 
Carolyn  Ruppel 
Dave  Twichell 
Bill  Winters 
Bill  Waite 


I-Ming  Chou 
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Countries  with  GH  drilling  or  planned  GH  development 
studies  with  the  US6S 


Mallik 


North  Slope,  A K 


Ryder  Scott  Company 


India 


National  and  International  Collaboration 


G ulf  of  Mexico  JIP 


Joint  Industry  Research  Project  (JIP) 


Industry  has  been 
concerned  that  gas 
hydrates  can  be  a 
hazard  to 

conventional  energy 
production. 

Mud-dominated  gas 
hydrate  units,  low 
saturations  in 
fracture  porosity. 

Sand  reservoirs 
exist  and  pathways 
are  important. 

Future  work  to  focus 
on  sand  reservoirs. 


I,  _  Gulf  of  Mexico 

Keathley  Canyon  151  Sas  Hydrate 

JIP  Drill  Sites 


IUSGS 


Spring  2005 
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2.  MMS  Gas  Hydrate  Play  Concepts 


Hydrate  pavements  Hydrates  in  Sands  Hydrates  in  Sands 
(vein  fill)  Within  Within  Hydrate 

Hydrate  Stability  Stability  Zone  with 

Zone  Free  Gas  Below 

Other:  fluid  flux,  fracture  porosity  and  authigenic  carbonates 
Gulf  of  Mexico,  Atlantic,  Pacific,  offshore  Alaska 

■USGS 
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JIP  Geochem  Results 


Low  gas  hydrate  saturation 
Hydrocarbon  gas  is  mainly  of  microbial  origin 
Possible  secondary  methane  from  anerobic 
petroleum  oxidation 
Future  drilling  should  target  thermogenic  hydrate  I 


Lease  Block  No. 

AC818 

&C955 

WR313  1 

Well  Name 

AC818#1 

GC955#1 

WR313#1 1 

Water  Depth  (m) 

2744 

2026 

1917  1 

Base  of  gas 
hydrate  stability 
(m) 

3197 

2499 

1 

2758 

Seafloor  to  base 
of  gas  hydrate 
stability  (m) 

453 

473 

841 

Thermal  gradient 
(mK/m) 

~44 

~32 

~19 

Target  Facies 
sampled  at  the 
well 

Volcani- 

clastic 

0  ligocene 
sand 

Pleistocene 
levee  sands 

Sheet  sands 
within  a 
minibasin 

Planned  LWD 
drilling  at  3 
sites  in  2008 


Coring  in  2009 


JIP  drilling 
platform 
2008 


Tht’QiOOO 


Arctic 

•  Drowned  permafrost  -  climate  change 

•  Offshore  hydrate  -  hazards,  resource 

•  North  Slope  AK  -  resource 

•  (see  posters) 

m 

■USES 
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Eileen  and  Tarn  Gas  Hydrate  Accumulations 


Eileen  and  Tarn  Gas  Hydrate  Accumulations 


Eileen  Gas  Hydrate  Accumulation 
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Mount  Elbert  01  Gas  Hydrate  Units 

NMR-DEN  Derived  Gas  Hydrate  Saturations 


Mount  Elbert  Unit  C 

-2132-2184  ft  RKB,  52  ft  thick 
-Upper  shale  contact,  lower  water  contact 
-Gas  Hydrate  Saturation  65% 

-Porosity  35% 

-Permeability  (intrinsic)  1,000  mD  (NMR  log) 
-Reservoir  Temp  from  MPU  D-2:  3.3-3.9°C 
-Hydrostatic  pressure  gradient  (9792  Pa/m) 
-Pore  water  salinities  5  ppt. 


Mount  Elbert  Unit  D 

-2014-2061  ft  RKB,  47  ft  thick 

-Shale  bounded  reservoir  (top  and  bottom) 

-Gas  Hydrate  Saturation  65% 

-Porosity  40% 

-Permeability  (intrinsic)  1,000  mD  (NMR  log) 
-Reservoir  Temp  from  MPU  D-2:  2.3-2.6°C 
-Hydrostatic  pressure  gradient  (9792  Pa/m) 
-Pore  water  salinities  5  ppt. 


Gas  Source 

•  Gas  is  mainly  methane 

•  Very  little  COz,  C2 

•  Nitrogen  up  to  7% 

•  Narrow  isotopic  range  of  methane  -43  to  -50  ppt 

•  Average  isotopic  range  -48  ppt 

•  Characteristic  of  biodegraded  oil  gas  (-45  to  -55 

pp+) 


MUSES 


Eileen  production  models 

Developed  by  partners 
LBNL 
ANA 

BP- Alaska 


Eileen  Gas  Hydrate 

Development 

Model 

Upside  Hydrate  Well 


-Gas  Rate  (mscfpd) 
-Cumulative  Gas 
(mscf) 

-Water  (bpd) 
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Next  steps 

•Drilling  of  gas  hydrate  production 
test  well  early  2010 

•Long  term  production  testing  by 
both  thermal  stimulation  and 
depressurization 


•Long  term  production  rate  calculations  are 
critical  to  evaluating  field  economics 

■uses 


Southern  California 

•Unexpected  hydrate  discovery 
in  2003 
•Microbial  gas 

•Mapping  and  ROV  sampling  in 
2005 

•Extensive  basin  sands  are  a 
favorable  target 


■USGS 
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Prudhoe  Bay  Unit  L-106 


Takk 

■uses 


-Two  shale  bounded  hydrate  layers: 

(1)  2226-2288  ft,  (2)  2318-2374  ft 
-Gas  Hydrate  Saturation  75% 

-Porosity  40% 

-Permeability  (intrinsic)  1,000  mD  (NMR  log) 
-Reservoir  Temp  from  MPU  D-2:  5.0-6.5°C 
-Hydrostatic  pressure  gradient  (9792  Pa/m) 
-Pore  water  salinities  5  ppt 
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4.  Methane  hydrate  resources  in  Japan.  Koji  Yamamoto,  Japan  Oil,  Gas,  and  Metals  National 
Corporation 


May  29.  2008 

Impacts  of  the  second  on-shore  methane  hydrate  production  test  results 
on  the  Japanese  resource  development 


Research  Consortium  for  Methane  Hydrate  Resources  in  Japan 


Methane  hydrate  (hereinafter  "MH")  is  an  ice  like  solid  substance  that  consists  of  cages 
formed  with  water  molecules  and  methane  (the  main  component  of  utility  gas)  molecules 
trapped  in  each  cage.  The  vast  majority  of  the  volume  of  the  substance  has  been  found  in 
marine  sediments  below  the  seabed  in  deep  waters  around  Japan  and  other  countries,  and 
below  permafrost  layers  in  arctic  regions  like  northern  Canada  and  Alaska,  as  a  mixture  with 
sand  grains.  This  material  is  an  unconventional  energy  resource  and  is  anticipated  as  a 
future  form  of  alternative  energy  to  conventional  oil  and  natural  gas.  Due  to  its  solid  form, 
gas  production  from  MH  requires  techniques  to  dissociate  the  substance  to  methane  gas  and 
water  in  a  geological  formation,  and  extract  the  gas  through  a  borehole. 

Since  MH  is  stable  under  a  high  pressure  and  low  temperature  condition,  the  dissociation 
can  be  achieved  by  temperature  increase  (thermal  stimulation)  or  pressure  decrease 
(depressurization). 

In  2002.  seven  organizations  from  five  countries1  joined  a  collaborative  investigation 
program  of  methane  hydrate  in  the  same  site  as  used  again  this  year  and  conducted  the  first 
gas  production  test.  In  this  original  test,  thermal  stimulation  by  hot  water  circulation  was 
tried  and  lead  to  the  world's  first  intentional  gas  production  from  MH  deposits.  During  the 
123.7  hour  operation  term.  470m3  gas  was  extracted  from  the  formation.  Although  the 
success  of  the  test  proved  that  MH  can  be  a  gas  reserve,  the  difficulty  of  the  heat  transport 
from  a  well  to  the  formation  limited  the  productivity  of  the  thermal  stimulation  technique. 
Also  the  continuous  injection  of  heat  to  the  formation  decreases  the  energy  efficiency  More 
specifically,  there  can  be  many  technical  challenges  of  heat  generation  and  transportation  in 
deep  water  conditions. 

On  the  other  hand,  the  depressurization  technique  has  advantages  of  operation  and  energy 
efficiency.  The  pressure  decrease  can  be  achieved  by  a  simple  operation  of  dropping  the  fluid 
level  in  wellbore  by  pumping  water.  However,  the  formation  response  to  the  high  degree  of 
depressurization  was  unknown  in  2002  and  many  scientists  were  skeptical  of  the 
applicability  of  the  technique.  Nevertheless,  in  2002  scientists  attempted  small  scale 
pressure  drawdown  tests  using  wireline  pressure  logging  tools  in  MH  formations.  The  results 
of  the  test  suggested  the  applicability  of  the  simple  depressurization  technique  for  gas 
production.  The  subsequent  series  of  laboratory  and  numerical  works  done  by  National 
Institute  of  Advanced  Industrial  Science  and  Technology"  (AIST)  as  a  part  of  the  MH21 
(Research  Consortium  for  Methane  Hydrate  Resources  in  Japan)  study"  proved  the 
applicability  quantitatively". 

As  a  result  of  the  accumulated  knowledge  and  experience,  and  with  the  expectation  of  the 
future  application  to  the  Japanese  domestic  resources.  Japan  Oil.  Gas  and  Metals  National 
Corporation  (JOGMEC)  and  Natural  Resources  Canada  (NRCan)  signed  an  agreement  to 
carry  out  a  second  production  test  at  the  site  for  the  field  scale  verification  of  the 
depressurization  technique. 


Operation  overview 

The  test  site  is  located  130  km’s  north  of  Inuvik.  in  the  Mackenzie  Delta,  and  accessible 


1  Japan  National  Oil  Corporation  (JNOC,  former  JOGMEC),  Japan,  Geological  Survey  of  Canada  (GSC), 
Canada,  GeoForschungsZentrum  Potsdam  (GFZ),  the  Department  of  Energy  (DOE)  and  United  State  Geological 
Survey  (USGS),  US,  the  India  Ministry'  of  Petroleum  and  Natural  Gas  ( MOPNGpGas  Authority  of  India 
(GAIL),  India,  and  the  BP-Chevron  Texaco  Mackenzie  Delta  Joint  Venture. 
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only  in  the  winter  season  after  ice  road  (a  road  on  frozen  river  or  ocean)  construction  is 
completed.  All  of  the  field  activities  should  be  terminated  before  the  close  of  the  ice  roads. 
Due  to  the  narrow  seasonal  operation  window,  the  field  work  was  divided  into  two  winters 
(January  April  2007  and  January  April  2008). 

JOGMEC  and  NRCan  funded  the  program  and  lead  the  research  and  development  studies. 
Aurora  College/Aurora  Research  Institute  acted  as  the  operator  for  the  field  program  with 
support  from  Inuvialuit  Oilfield  Services  who  were  the  project  managers. 

Because  the  site  is  located  in  the  very  sensitive  and  weak  northern  environment,  and 
various  precious  natural  species  live  around  the  site,  the  project  was  required  to  maximize 
environment  protection  measures  to  assure  that  there  was  no  impact  on  the  wildlife  and 
delicate  arctic  ecosystem.  The  test  was  conducted  under  the  strict  environmental  regulations 
of  Canadian  authorities  and  with  the  consent  local  communities. 

WINTER  2007:  OPERATIONS 

A  well  drilled  for  the  1998  research  program  (Mallik  2L  38)  wTas  reused  for  the  production 
test  for  reducing  drilling  waste  volumes.  In  the  first  winter,  the  well  was  modified  for  the 
production  test,  after  geophysical  data  acquisition  by  state  of-the  art  logging  tools  and 
deployment  of  downhole  monitoring  devices. 

Severe  cold  (temperatures  often  reaches  40  degree  C)  lead  to  delay  of  the  operation,  but 
the  test  operation  could  start  on  the  2nd  of  April  (local  time)  after  the  perforation  (operation 
to  make  holes  in  the  steel  casing  by  gun  powder)  in  a  12m  interval  at  1100m  in  depth  was 
done  and  a  set  of  a  downhole  pump  systems  to  decrease  the  water  level  were  installed. 

Sand  production  (flow  in  of  formation  sand  to  the  borehole  with  fluid)  prevented  the 
continuous  pumping,  and  the  operation  was  terminated  60  hours  after  the  start  of  the 
pumping.  However,  during  the  most  successful  12.5  hours  duration,  at  least  830m3  of  the  gas 
was  produced  and  accumulated  in  the  borehole.  This  attempt  was  the  world’s  first  gas 
production  by  the  depressurization  of  natural  MH  in  geological  formation,  and  the  volume  of 
830m3  exceeded  the  production  volume  of  five  day  operation  of  2002.  We  evaluated  that  the 
test  result  verified  the  effectiveness  of  the  depressurization  method  even  for  such  a  short 
duration,  but  left  technical  challenges. 

WINTER  2008:  OPERATIONS 

The  goal  of  the  winter  2008  field  activities  was  to  undertake  longer  term  gas  hydrate 
production  testing  with  countermeasures  to  the  problems  of  2007. 

After  the  ice  road  and  site  construction,  and  preparatory  operations  on  the  well,  a  modified 
pumping  system  was  run  into  the  hole  with  sand  control  devices.  The  pump  operation  started 
in  the  afternoon  of  March  10  and  continued  until  the  preset  termination  time  of  the  test,  noon 
of  March  16. 

Preliminary  results 

We  can  confirm  that  sustained  gas  flows  ranging  from  2000  4000  m3/dav  were  maintained 
throughout  the  course  of  the  6  day  (139  hours)  test.  Cumulative  gas  production  volume  was 
approximate^  13.000m3.  Detailed  analysis  will  be  made  later,  but  we  are  sure  that  the  result 
proves  our  hypothesis  that  the  depressurization  method  is  the  correct  approach. 

During  the  test,  a  lot  of  data  and  samples,  such  as  produced  gas  and  water,  their  rate  and 
volume,  and  downhole  and  surface  pressure  and  temperatures  were  obtained.  The  analyses  of 
the  data  and  samples  will  help  understanding  MH  dissociation  behavior  in  formations,  and 
contribute  to  the  development  of  more  sophisticated  production  techniques. 

Within  the  MH21  research  program.  AIST  is  developing  a  reservoir  simulation  model 
called  MH21  HYDRES.  The  predicted  gas  rate  by  the  MH21  HYDRES  is  fairly  matched  with 
the  observed  value  for  the  stable  production  terms.  By  analyzing  the  data  of  the  production 
test,  we  expect  improvement  in  the  modeling. 


Impacts  on  the  Japanese  MH  research  program 

Japanese  and  Canadian  research  teams  will  analyze  the  data  and  publish  scientific  and 
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technical  papers  internationally. 

According  to  the  previous  exploration  results,  original  gas  resources  in  place  in  the  Eastern 
Nankai  Trough  area  off  the  Pacific  coast  of  Shizuoka  through  to  Wakayama  prefectures  in  the 
gas  hydrate  form  is  approximately  1.1  billion  cubic  meters  (equivalent  to  14  years  of 
Japanese  natural  gas  demand),  and  half  of  these  areas  form  highly  concentrated  zones  that 
are  potentially  high  prospects  of  resources  for  development. 

Development  of  effective  production  techniques  is  the  key  to  change  the  naturally  occurring 
gas  hydrate  to  a  valuable  energy  resource.  The  success  of  the  production  test  in  northern 
Canada  is  a  great  step  forward. 

A  simulation  result  of  MH21  HYDRES  applied  to  one  concentrated  zone  of  the  Eastern 
Nankai  Trough  reveals  that  the  potential  gas  production  rate  from  a  single  wellbore  by  the 
depressurization  method  can  exceed  5G.Q00m3/day.  The  difference  from  the  on  shore 
production  test  result  is  caused  by  the  extent  of  production  interval,  temperature  and 
pressure  conditions,  geological  and  petro  physical  conditions. 

However,  many  technical  issues  remain  for  the  application  of  depressurization  techniques 
in  marine  sediments  beneath  deep  water,  Such  technical  challenges  should  be  solved  and 
verified  through  future  production  tests. 

The  future  MH  development  should  be  environmentally  friendly.  Our  experience  in  the 
delicate  northern  environment  left  many  lessons.  In  the  MH21  program,  the  Engineering 
Advancement  Association  (ENAA)  takes  part  in  the  basic  research  on  environmental 
protection  and  assessment. 

Integrated  studies  of  the  exploration  of  the  Eastern  Nankai  Trough  and  other  areas, 
procuring  techniques,  and  environmental  impact  studies  are  important  for  the  future 
resource  development. 

The  MH21  will  provide  the  economics  study  on  the  concentrated  zones  of  the  Eastern 
Nankai  Trough  area  with  modeling  studies  later  this  year. 


JOGMEC 


National  institute  of 


Aiivnunmi  fniiushtHf 


end  technology 


AIST 


I A  I  Natural  Resources 
I  .  m  Canada 


Ressources  naturelles 
Canada 
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B.  Breakout  Sessions 


1.  Characterisation  and  quantification  of  arctic  hydrates 
Session  Chair:  Thomas  Lorenson 
Suggested  Topics: 

What  is  the  present  status  on  arctic  hydrates? 

How  well  are  the  resorces  quantified? 

State  of  the  art  in  measurements,  from  seismics  to  alternative  and  supplementary  techniques.  New 
approaches  under  development? 

Core  sampling  techniques  and  implications  for  interpretations  of  results. 

Differences  in  characteristics  of  reservoir  topography,  geology,  thermodynamic  conditions  and 
trapping  mechanism? 

Implications  for  exploitation  strategies? 


Overview  of  Discussions 


Current  Arctic  Data  Base 

1.  Norwegian  Sea 

2.  Mareano  and  running  east  south  to  67  large  amount  of  seafloor  mapping 

3.  IBACO  is  a  public  site  for  coastal  Arctic  bathymetry. 

-  4.  Beaufort  Sea  and  Chukchi  -  Larry  Mayer  web  site  at  the  University  of  New 
Hampshire,  climate  change. 

-  5.  University  of  Bergen  data  baesfocus  on  north  eastern  off  Greenland  and  around  th 
Haakon  Mosby.  This  data  base  is  available  and  a  web  site. 

-  6.  70 ’s  data  base  is  available  that  Ingo  Pecher  will  start  to  process  with  an  ONRG 
support. 

7.  West  off  Greenland  there  are  oil  and  gas  seeps. 

8.  Need  work  on  seep  sites,  for  current  fluxes. 

9.  CSEM  would  contribute  to  sea  surveys,  look  at  the  CSEM  to  test  on  land. 

10.  USGS  and  industry  seismic  data  base  includes  the  Beaufort  Sea 

1 1 .  Canadian  Arctic  database  maintained  by  GSC 
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Permafrost  Hydrates 

•  Known  locations  for  permafrost  regions  that 
hydrates  are  being  studied  include: 

•  1.  Mallik  Wells 

•  2.  Arctic  slope  to  Wainwright  Alaska 

•  3.  May  be  Russian  effort  in  Siberia  that  is  similar 

to  Prudhoe  Bay. 

•  4.  Messiaka  gas  field,  Russia 

•  5.  Other  sites  are  marked  on  the  chart. 


Topics  for  climate  change 


•  There  is  a  strong  need  to  review  currently 
available  data.  Topics  for  review  include: 

•  1 .  Lake  permafrost  methane  flux 

•  2.  Look  at  freshwater  and  ice  influence  on 
ocean/atmosphere  fluxes 

•  3.  Literature  shows  relative  methane  flux  from 
tundra  and  shallow  coastal  waters. 

•  4.  Beaufort  Shelf,  Harrison  Bay,  1977  data  set 
will  be  examined  for  high  velocity  refractions. 


lOQOrt 


_ 


IQWm 


Present  day 


methane  released  Co  atmosphere 


Law  of  the  sea  surveys 

It  was  discussed  that  stated  available  data  for  focus 
on  offshore  hydrate  beds  and  planning  offshore 
hydrate  exploration  could  be  coupled  with  the 
Law  of  the  Sea  data  gathering. 

•  Could  contribute  to  the  available  seismic  data,  strong  Canada- 
US  effort,  long  seismics  will  be  run  with  a  short  streamer  and 
short  bouys  for  velocity  sound  data. 

•  Seismics  while  breaking  ice,  difficult  logistics  in  the  program. 
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New  Seismic  and  other 

techniques  applied  to  surveys 

•  There  was  a  quick  conversation  on  approaches  that  are 

needed  to  be  included  in  the  field  surveys  and  monitoring 

plans. 

•  l. 

Offshore  approaches  were  not  discussed  during  this  session. 

•  2. 

On  the  North  Slope  there  is  some  good  3-D  methods  that  could  be 
applied  to  nearshore  and  offshore  surveys. 

•  3. 

New  technology  has  not  been  applied  to  the  Mackenzie  Delta  or  off 
Russia. 

•  4. 

We  need  to  consider  application  and  new  developments  in  CSEM. 

•  5. 

New  sensor  applications  could  be  used  for  field  monitoring. 

•  6. 

Remote  sensors  and  satellite  imaging  could  also  be  developed  and 
tested. 

•  7. 

There  is  concern  about  setting  long  term  monitoring  platforms 
through  ice  seasons. 

Other  notes 

•  Tom  Weingart  is  a  good 

POC  for  future  work  conversations. 

•  Haflidi  Haflidason,  University  of  Bergen,  is  a  good 
contact  for  work  off  the  Norwegian  side  of  the 
Arctic. 

•  Charts  are  available  at 
www.mareano.no/kart/viewer.php 


Core  sampling  techniques 

Developing  and  application  of  new  coring  techniques  was 
discussed.  Issues  addressed  included: 

•  Need  drill  ship  availability 

•  5-6  m  max  experience  with  vibracoring,  results  from  very  compacted 
sediments.  Also  the  sediments  partially  frozen,  the  piston  coring  may  not 
work  and  vibracoring  is  needed. 

•  mini  drill  systems  may  be  available. 

•  mebo  coring/drill  system  (hydrolic)  could  be  applied  50  meter  cores  can  be 
obtained. 

•  Consider  working  in  spring  on  a  sea  ice  platform.  This  can  fix  the 
position.  Look  at  winter  work  on  the  ice,  roller  guns. 


Discussion  sessions  resulted  in  a  statement  that  there  is  a  strong  need  to  review  current  Arctic 
research  and  monitoring  programs  and  research  publications.  Tina  Treude  agreed  to  provide  a 
summary  of  workshop  participant’s  contributions  to  this  information  gathering.  The  following  is 
information  provided  by  the  workshop  attendees. 

Arctic  Related  Web  Sites 

Alaska  Lake  Ice  and  Snow  Observatory  Network  (ALISON)  -  http ://www, gi.alaska.edu/ ah  son/) 


Arctic  Military  Environmental  -  Cooperation 

http://www.google.co.uk/search?hl=en&q=Arctic+Military+Environmental+Cooperation&btnG=Goo 

gle+S  earch&meta= 


Arctic  System  Science  -  http://www.gisp2.sr.unh.edu/GISP2/ARCCS.html 
Bridging  the  Poles  Workshop  -  http://www.ldeo.columbia.edu/~mkt/PolarED  Web.htm 
Barrow  Arctic  Research  Consortium  -  http://www.arcticscience.org/ 
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Danish  Polar  Center  -  http://www.dpc.dk/sw6492.asp 


First  International  Symposium  on  the  Arctic  Research  (ISAR-1),  2008  - 
http://www.iamstec.go.ip/iorgc/svmpo/isarl/ 

Future  Ocean  Project,  Kiel  -  http://www.uni-kiel.de/future-ocean/a2/index.shtml 
Cold  Regions  Research  and  Engineering  Laboratory  (CRREL)  in 

Hanover,  NH.  -  http://www.crrel.usace.army.mil/proiects/  and  http://www.ehis.navy.mil/coe- 
london/factlist.asp?lab=CRREL 

GANS  Project  -  http ://www. uib.no/people/nglbh/ GAN S/index.html 
GLACIPET  Project  -  http://www.ngu.no/glacipet/ 

MARENO  Project  -  http://www.mareano.no/english/index.html 
National  Ice  Center  -  http://www.natice.noaa.gov/ 

National  Institute  of  Polar  Research  -  http://www-arctic.nipr.ac.ip/e-index.html 

National  Snow  and  Ice  Data  Center  -  http://nsidc.org/data/index.html 

Permafrost  Institute  in  Siberia,  Russia  -  http://www.sitc.ru/vnc/vnc  eng/ice.htm 

Samylov  Station  in  Siberia,  Russia  -  http://www.awi.de/en/inffastructure/stations/samoylov  station/ 

Teachers  and  Researchers  Exploring  and  Collaborating  -  http ://www. arcus . org/TREC/index.php 
Sustainability  and  Stewardship  in  Alaska  - 

http://www.nsf.gov/awardsearch/showAward.do7AwardNumbeF0331261 

Science  Journalists  at  Toolik  Field  Station 

http://www.nsf.gov/awardsearch/showAward.do7AwardNumbeF0425045 

Toolik  Field  Station  -  http://www.uaf.edu/toolik/ 

University  of  New  Hampshire,  Arctic  Research  - 

http :  //www.  cere .  sr.unh.edu/ ~cpw/  ArcticRes/  ArcticRes  .html 

U.S.  Army  Permafrost  Tunnel  -  http://www.crrel.usace.armv.mil/permafrosttunnel/ 

USGC  -  http://pubs.usgs.gov/of/1995/of95-070/core/meta/report.html 
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2.  Exploitation  strategies  and  technical  challenges 
Session  Chair:  Koji  Yamamoto 
Suggested  Topics 

Relative  to  exploitation  strategies  for  marine  hydrates  -  what  are  are  the  main  differences  and 
corresponding  challenges  related  to  arctic  hydrates? 

Flow  assurance  -  including  reservoir  and  pipeline  infrastructure 


Overview  of  Discussions _ 

Session  E:  Exploitation  strategies  and 

technical  challenges 

Rapporteur  K.  Yamamoto,  JOGMEC 

•  Difference  between  Marine  and  Arctic  Hydrate 

-  Physical  &  geological  conditions 

-  Technology  &  Hazard 

-  Economics 

-  Environmental  issues 

-  Summary  and  common  concerns 


Technology/hazard 

•  Marine 

•  Arctic 
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.  Physical/geological  Conditions  . 

•  Marine  •  Arctic 


-  T=4-15deg  T, 

•  Never  sub  zero 


-  Muddy  sediments 
with  channel 
/turbidite  sand 

•  More  vein  and 
fracture-fill  type 
hydrate  with  some 
pore-filling 

•  Analogue:  shale 
gas 

-  Large  horizontal 
continuity 

•  Patterned  well 
arrangement 


-  T=0-10degC 

•  Sub-zero 
temperature  in 
overburden 


-  Sandy  sediments 
•  Pore-filling 
hydrate 


-  Poor  horizontal 
continuity 
•  Hot  spots 


Marine 


Economics 


-  Usually  remote  _ X 

from  market 
•  Exception:  GOM 


-  Large  scale 
projects  are 
necessary  by  high 
CAPEX 

•  Chance  of  small 
scale  project  with 
NGH,  CNG 
transportation? 

-  Analogue: 
shallow  gas 
(hazard  to  asset 
below  existing 
infrastructure) 


Arctic 

-  Local/intemal 
demand 

•  EOR  of  heavy  oil 

•  Local  community 
and  industry 

-  A  small  scale 
project  can  be 
feasible  if 
infrastructure  is 
there 
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Environmental  issues 

•  Marine  •  Arctic 

-  Very,  very 
sensitive  and 
regulations  are 
strict 

•  Small  leakage  may 
kill  the  project 

-  Little  chance  of 
subsidence  due  to 
the  thick 
permafrost 

•  Effect  on  PF 

-  Monitoring 

•  Excess  pore 
pressure 

•  Deformation 


Small  scale  leakage 
is  not  a  matter  due 
to  the  buffer  of  sea 
water 

•  Leaked  gas 
dissolves  to  water  ' 
soon 

Large  scale  or 
catastrophic 
troubles  are  the 
concern 

•  Catastrophic 
release 

•  Tilt  of  the  surface 
facility  due  to 
surface  instability 


Summary  and  common  concerns 

•  Various  options  for  even  a  small  scale  production 
project,  if 

-  Demand  is  here  ... 

-  Infrastructure  is  here  ... 

•  Environmentally  sensitive,  small  scale  leakage  is  not 
allowable 

•  Heat  support  is  necessary  with  depressurization  due 
to  low  temperature 

•  More  serious  flow  assurance  concerns  than  marine 

•  Regulation  issues;  Is  a  special  low  for  gas  hydrate 
necessary? 

•  Any  new  revolutional  ideas  for  efficient  production? 


3.  Theoretical  modeling 
Session  Chair:  Gerard  Nihous 
Suggested  Topics: 

What  is  state  of  the  art  on  theoretical  modelling  relative  to  arctic  hydrates? 

Fundamental  understanding  of  hydrate/rock  interactions? 

Phase  transition  dynamics  for  hydrate/ice  and  hydrate/fluid?  What  are  the  main  rate  limiting  factors 
and  what  is  the  corresponding  state  of  the  art  in  modelling?  Directions  for  future  research? 

What  is  state  of  the  art  on  the  reservoir  modelling  and  corresponding  limitations?  Directions  for 
future  research? 
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Overview  of  Discussions 


Breakout  session  F:  Theoretical  Modeling 

•  Identified  4  primary  modeling  areas  of 
interest  to  methane  hydrate  production 
and  science: 

-  Rock  physics 

-  Flow  (reservoir)  simulations 
-Geomechanical  models 

-  Environmental  models  of  the  fate  of  released 
CH4 


Rock  Physics 

State  of  the  Art 

>Existing  models  (e.g.,  grain  replacement 
models)  appear  to  match  data  on  sonic 
properties  and  strength  well 

Areas  of  Future  Focus 
>Complex  substrates/matrices 
> Adhesion  of  hydrate  to  different  substrates 


Flow  Simulators 

State  of  the  Art 

>  Mature  technology 

>  Current  models  are  robust  and  versatile  and  can 
accurately  predict  reservoir  dynamics 

Areas  of  Future  Focus 

>  Need  to  refine  submodels  of  hydrate-rock 
interactions;  e.g.,  wettability 

>  Current  models  may  not  be  appropriate  as-is  for 
applications  such  as  rapid  depressurization 

>  Hydrate  kinetics?? — probably  not  relevant;  models 
presume  quasi-equilibrium 


Environmental  Models 


State  of  the  Art 

>  Arctic  may  be  the  region  where  hydrate  outgassing  could  impact 
climate 

>  Limited  effort  to  date  on  simulating  the  fate  of  outgassed 
methane 

>  Platforms  exist  (OGCMs,  atmospheric  transport/chemistry 
models)  that  could  be  adapted  to  consider  methane  sources 
from  seafloor  or  permafrost 

Areas  of  Future  Focus 

>  Need  to  incorporate  submodels  of  methane  sources,  CH4 
oxidation,  and  (for  intense  ocean  leakage)  bubble  models  into 
OGCMs — this  is  not  trivial 

>  Can  models  developed  to  track  C02  in  the  ocean  be  “tweaked” 
to  accommodate  CH4  leakage  scenarios? 

>  Modeling  workshop? 


Geomechanical  Models 

State  of  the  Art 

>  Focus  on  well  bore  stability  and/or  submarine  slope 
stability 

>  Common  thread  with  rock  physics  and  reservoir 
models  is  issue  of  hydrate-substrate  interaction 

Areas  of  Future  Focus 

>  As  with  the  previous  models,  data  is  needed  to  better 
understand  (and  simulate)  the  physics  of 
adhesion/wettability  at  the  hydrate-substrate  interface 


Other  Points 

•  More  intensive  interactions  between  modelers  and 
experimentalists  need  to  be  encouraged 

•  Experiments  to  obtain  fundamental  data  on  hydrate- 
substrate  interfacial  phenomena  not  trivial  but  should 
be  pursued 

•  May  be  worthwhile  to  conduct  molecular  simulations 
to  determine  absolute  values  of  important 
thermodynamic  properties 

•  Models  of  hydrate  destabilization  and  formation 
kinetics  must  shift  away  from  past  “difference” 
approaches 
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C.  Panel  Discussion:  Arctic  Hydrates  -  Future  challenges  and  corresponding  strategies  for 
extended  international  collaboration 

Panel 

James  Howard,  ConocoPhillips 
Rik  Drenth,  Shell 

Ingo  Pecher  Herriot-Watt  University 

Koji  Yamamoto  JOGMEC 

Tom  Lorenson  USGS  Menlo  Park 

Suggested  Topics 

On  the  basis  of  the  breakout  sessions  -  what  is  current  status  and  what  are  the  main  challenges  that 
need  to  be  addressed  before  commercial  exploitation  from  arctic  hydrates  can  be  a  reality? 

Are  there  any  incitements  for  international  collaboration  beyound  Mallik  II  and  other  ongoing 
projects?  And  if  so  what  would  be  the  motivating  factors  for  releasing  corresponding  funding  from  the 
different  worldwide  groups  that  would  like  to  collaborate? 

Is  it  possible  to  pinpoint  keywords  of  a  strategy  document  that  can  be  used  as  a  basis  for  funding 
applications? 

Opening  remarks 

James  Howard- 

Production  Testing,  Mallik  ongoing  testing  has  started,  Alaska  is  being  planned,  Russia  is  slow 

1 .  Challenges  for  commercialization 

2.  Technical  issues  deal  with  reservoir  modeling  capabilities,  environmental 

Question 

How  does  the  industry  move  past  models  to  testing? 

Answer 

There  is  not  a  reservoir  simulator  model,  except  for  Stars.  Drilling  will  be  staged  with  single  well  tests 
with  simple  analysis  tools.  Set  for  2010-2011.  This  will  include  depressurization  with  chemicals  and 
CO2.  Need  an  advanced  scale  simulator  that  will  take  time.  Modeling  needs  to  be  up-scaled.  Ten 
year  to  development  of  full  scale  field  project. 

Question  addressed  to  the  audience  from  James  Howard  -How  much  hydrate  chemistry  is  need  for 
prediction  of  well  success? 

Panel  Comments 

Yamamoto  discussed  the  dissociation  zone  and  need  to  explain  this  region.  There  is  a  need  for 
development  understanding  and  modeling  of  the  dissociation  zone.  We  need  to  address  the  parameters 
that  limit  the  dissociation.  This  is  likely  a  function  of  heat  transport  limitation. 
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Drenth  simulation  model  is  more  well  developed  and  started  with  well  format  design  and  then 
included  the  physical  environmental  parameters.  Challenges  will  be  modeling  mud  rich  drilling, 
models  do  not  address  this.  This  could  take  longer  than  10  years. 

Comment 

Warren  Wood  -  What  is  needed  for  development,  is  it  more  field  tests. 

Drenth  responds  -  We  need  more  theoretical  models  but  also  need  more  field  tests. 

Howard  responds  -  Industry  does  not  have  the  expertise  and  man  power  for  the  projects.  There  is  a 
need  to  leverage  academic  institutes  into  these  programs. 

Kvamme  states  -  There  is  a  need  for  sharing  international  funds  for  program  development.  Requests 
development  of  collaboration  on  field  tests,  experiments  for  mining. 

Pecher  states  -  Seismology  has  made  strong  progress  in  applying  this  approach  to  hydrate  surveys. 
There  is  a  need  for  calibration  of  the  seismics.  Archies  law  approach  with  resistivity  is  too  simple  and 
we  need  to  combine  lab  and  field  work  to  assist  with  data  development.  Furthermore  we  need  a  strong 
development  pressure  cores  and  conducting  physical  and  chemical  analysis  of  pressure  cores. 

Comment 

There  is  a  need  for  hydrate  modeling  in  sand. 

Kvamme  states  -  There  is  development  of  pressure  cores  and  testing.  This  was  confirmed  with  the 
audience  responding. 

Comment 

Treude  -  There  is  a  need  for  more  pressure  core  research.  Vision  of  large  chips  of  hydrates  in  the  core 
that  need  more  understanding.  Need  for  subsamples  under  pressures. 

Audience  response  -  Need  longer  cores  through  transfer  device  and  keep  them  under  pressure. 

Geotech  system  provides  core  sub  sampling  under  pressure. 

Kvamme  -  Agrees  with  the  need  of  subsample  coring. 

Comment 

Southampton  has  developed  a  lot  of  the  subsampling.  John  Parks  has  developed  microbiologist 
sampling  chamber. 

Comment 

Tom  Lorenson  -  Evidence  for  gas  hydrate  dissociation  was  first  addressed  with  CH4  concentration  in 
the  water  column.  There  was  evidence  for  methane  seepage.  First  estimate  for  ocean  to  atmosphere, 
was  1/200  to  1/300  of  the  total  input.  There  is  a  strong  need  for  addressing  methane  input  to  the 
atmosphere,  methane  dissociation. 
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Comment 

Hamdan  -  Well  applications  were  discussed  through  the  workshop,  what  about  risk  assessment  for 
environmental  impact. 

Howard  responds  that  this  will  be  monitored  because  of  worry  for  damage  to  the  program,  this  will 
include  geomechanical  analysis.  Drilling  hazard  will  be  included.  A  committee  addresses  this  issue. 
However  there  is  not  a  thorough  environmental  impact  addressed. 

Drenth  states  that  there  is  environmental  concern  that  Shell  has  addressed  theoretical  models  but  this 
has  not  been  tested. 

Howard  states  that  environmental  monitoring  for  coal  bed  can  be  applied  to  methane  drilling 
monitoring.  Also  nothing  is  currently  being  planned. 

It  was  stated  that  this  is  a  difficult  topic  to  get  into  the  public  eye. 

General  Final  Statements: 

Kvamme  brought  up  that  we  need  Russian  included.  FMU  Akida,  in  Germany  will  be  contacted  in  the 
government. 

Langhome  gave  an  overview  of  development  of  an  arctic  program  focusing  on  climate  change,  not 
hydrates  energy.  Langhom  says  that  Navy  should  stay  out  of  this  and  we  can  put  this  through  IIASA. 

Simulations  not  accomplished  but  the  experimentalists  need  to  know  what  the  modelers  need.  That 
whole  format  goes  with  the  field  scientists  also.  This  is  a  necessity.  Theory,  field  and  experiments 
need  to  model. 

Treude  offered  to  search  website  for  information  on  the  Arctic  Ocean  and  climate  change.  This 
information  is  included  in  the  Characterization  and  Quantification  of  Arctic  Hydrates  session  (above). 
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VI.  Posters  Presented  at  the  Workshop 

1.  Geochemical  and  geophysical  data  integration  for  preliminary  hydrate  surveys  across  the 
Porangahau  Ridge  on  the  Hikurangi  Margin,  New  Zealand.  (R.  Coffin,  NRL:  USA) 

2.  Monitoring  of  temporally  and  spatially  transient  bubble  release  and  the  special  extrapolates  of 
methane  fluxes:  use  of  hydro  acoustic  methods  in  the  Black  sea  ...  and  what  New  Zealand  sheep  have 
to  d  with  it.  (J.  Greinert,  Renard  Center  of  Marine  Geology:  Belgium) 

3.  Thermal  modeling  of  marine  hydrate  in  changing  environments.  (A.  Lemon,  Univ.  Leicester:  UK) 

4.  Assessing  concentration  of  methane  hydrate  in  marine  sediments.  (P.  Jackson,  Univ.  Leicester:  UK) 

5.  Shallow  sediment  carbon  cycling  driven  by  deep  methane  vertical  flux:  Atwater  Valley  on  the 
Texas-Louisiana  shelf.  (R.  Coffin,  NRL:  USA) 

6.  Deformation  of  methane  hydrate  supported  sand  during  its  dissociation.  (M.  Hyodo,  Univ. 
Yamaguchi:  Japan) 

7.  Gas  hydrate  and  associated  free  gas  across  the  Alaskan  Beaufort  Sea  outer  continental  margin.  (P. 
Hart,  USGS:  USA) 

8.  Origin  of  hydrocarbon  gases  in  gas  hydrates  from  the  Alaskan  North  Slope,  USA.  (Lorenson, 
USGS:  USA) 

9.  Gas  hydrates  and  seafloor  warming:  research  within  the  future  ocean  project  in  Kiel,  Germany.  (T. 
Treude,  IFM-GEOMAR:  Germany) 

10.  Submarine  gas  hydrate  exploration,  exploitation  and  transport  (SUGAR).  (IMF-GEOMAR: 
Germany) 

1 1 .  Sallow  upper  boundary  of  gas  hydrate  stability  zone  in  the  Okhotsk  sea:  Implications  of  dynamic 
of  gas  hydrates  in  the  cold  sea.  (J.K.  Jin,  Korean  Polar  Res.  Inst.:  Korea) 

12.  Casing  stability  modeling  in  gas  hydrate  bearing  sediments.  (M.  Salehabadi,  Petronas  Res.  SDN. 
BHD.  : Malaysia) 

13.  T.  Fujii,  JOGMEC  :  Japan 

14.  Gas  hydrates  on  the  Norway-Barents  Sea-Svalbard  margin  (GANS).  (H.  Haflidason,  Univ.  Bergen: 
Norway) 

15.  Gas  seepage  from  the  Cascadian  Arctic  shelf  and  seeps  of  the  Mackenzie  river  Delta,  NWT, 
Canada.  (T.  Lorenson,  USGS:  USA) 
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16.  Norwegian  margin  fluid  escape  structures  -  sedimentary  environments  and  evolutions.  (B.O. 
Hjelstuen,  Univ.  Bergen:  Norway) 

17.  Geomicrobal  characterization  of  gas  seep  sediments  using  a  novel  molecular  biological  method. 
(L.  Hamdan,  NRL:  USA) 

18.  Well  bore  stability  problem  for  methane  hydrate  extraction.  (S.L.  Lee,  Univ.  Cambridge:  UK) 

19.  Geomechanical  study  of  methane  hydrate  soil:  micromechanics.  (J.  Brugada,  Univ.  Cambridge: 
UK) 

20.  Clathrate  hydrate  crystals  observed  via  transmission  electron  microscope.  (T.  Uchida,  Hokkaido 
Univ.:  Japan) 
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VII.  Posters  Published 


Submarine  Gas  Hydrate  Exploration, 
Exploitation  and  Transport  (SUGAR) 
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Introduction: 


Casing  integrity  in  shallow  manue  sediments  ls  challenging  if  natural 
gas  hydrates  exist  in  the  sediments.  In-situ  hydrates  could  dissociate 
dining  deepwater  drilling  and  production  operation,  resulting  in  an 
increase  in  pore  pies  sure. 

hi  this  study,  a  muneiica]  model  is  developed  using  ABAQUS  (  finite- 
element  software)  to  model  casing  stability  in  gas  hydrate  bearing 
sediments.  The  model  is  developed  by  considering  the  interaction 
between  the  formation,  the  casing,  and  the  cement  with  coupling  the 
thermodynamic  stability  of  the  hydrates  to  hydraulic,  mechanical  and 
beat  transfer  terms. 

It  is  assumed  in  the  modelling  that  the  permeability  of  gas  hydrate 
bearing  sediments  is  very  low  as  a  result  the  gas  and  water  generated 
during  gas  hydrate  dissociation  cannot  flow  away  and  will  increase 
pore  pressure  (i.e.,  to  model  the  worst-case  scennio)  . 

Numerical  Modelling: 

HWHYD,  the  Hniot-Watt  Hydrate  model,  is  used  and  implemented 
into  the  model  to  simulate  hydr  ate  stability  zone  and  quantify  the  pore 
pressure  increase  due  to  gas  hydrate  dissociation.  The  effect  of  diilhug 
fluid  inside  the  casing  has  been  taken  inro  account  by  applying  radial 
supporting  force  inside  the  casing  with  magnitude  equal  to  diilhug 
mud  weight.  It  is  assumed  that  there  ls  a  contact  interaction  between 
cement  and  formation  but  there  ls  a  perfect  bond  between  the  casing 
and  the  cement.  All  material  properties  used  lu  the  modelling  were 
obtained  from  available  literature . 

Modelling  Sequential: 

Equilibrium  step: 

In  this  step,  the  model  is  brought  to  equilibrium  under  in-situ  stresses, 
temperature  and  poie  pressure. 

Drilling  step: 

To  mimic  actual  drilling  conditions  and  achieve  the  stress  and 
displacement  distribution  around  the  wellbore  during/ after  drilling, 
elements  within  the  wellbore  were  removed  from  the  model  during  this 
step. 

Running  the  casing  and  cementing  step: 

In  this  step,  it  is  assumed,  that  casing  is  run  and  cemented  immediately 
after  diilhug.  hence  after  removing  elements  within  the  wellbore  in  the 
previous  step,  casing  and  CErnent  elements  were  added  to  the  model  in 
this  step  to  mimic  c  asing  mining  and  c  emeuting  proces  ses . 

Drilling  the  next  section  step: 

The  temperature  of  casing  elements  in  this  step  is  increased  by  10  K  to 
model  the  heat  transfer  from  drilling  mud  mside  the  casing. 

Results: 

Tbe  pore  pressme  increase  due  to  gas  hydrate  dissociation,  casing  and 
cement  radial  deformation,  maximum  Von  Mises  stress  generated  after 
8  days  drilling  of  the  next  section  of  the  wellbore  with  c  Emeut 


with  two  different  thermal 
conductivities  are  shown  in  the 
following  figures. 


BL 


tsrussion : 


Conclusion: 

A  numerical  model  that  couples  a  well-proven  thermodynaimc  PVT-Hydrate  model 
(i.e..  HWHYD)  with  ABAQUS  is  developed.  The  model  was  used  in  investigating 
casing  stability  of  wells  drilled  in  gas  hydrate  bearing  sediments  in  deep  offshore 
environments.  Under  the  assumed  modelling  and  boundary  conditions.  it  is  found 
that  the  cement  with  low  Thermal  conductivity  decreases  heat  transfer  from  the 
wellbore  towards  the  formation  resulting  in  lower  gas  hydrate  dissociation  and 
lower  pore  pressme  mciease  in  the  formation  behind  the  cement.  Maximum  Von 
Mises  stress  generated  in  the  casing  with  low  thermal  conductivity  cement  is  lower 
than  the  wellbore  with  high  thermal  conductivity  CEment.  As  a  result  casing  stability 
is  higher  lu  The  wellbore  cemented  with  the  low  thermal  conductivity  cement.  It 
confirms  the  benefit  of  using  cement  with  low  thermal  conductivity'  for  cementing 
the  gas  hydrate  bearing  section  in  deep  offshore  wells. 

The  developed,  model  c  an  be  used  as  a  desLgn  tool  to  predict  the  caning  stability  and 
casing  mechanical  strength  required,  for  deep  offshore  wells  chill  Ed  in  gas  hydrate 
beaiing  sediments. 

Further  development^: 

1-Modelling  Part: 

1-1 -Gas  hydrate  behind  the  cement  sheath  can  also  dissociate  during  setting  and -  or 
cementing,  causing  gas  release  which  could  result  in  delaying  completion  of  the  wellbore 
due  to  the  flow  of  gas  behind  the  casing  or  affecting  the  casing  integrity  or  casing  stability 
by  creating  voids  (channels)  in  the  cement  sheath  leading  to  non-uniform  stress  loadings. 

We  have  investigated  the  casing  stability  of  the  deep  offshore  wellbore  in  the  presence  of 
void  in  the  cement  sheath  (channeling)* . 

Finito  E Lasisiit  Z'toul Liaf  st  C  ssiaa  in.  Gas  Hydrin  iii;-:  S-tdimrak".  Mueccbabr  SakLatadi.  Min  Jin.  ."icl:: 

Yms.  Hsncrin  EiiahiEhi  Sahao.  Aloud  i- d  BirmaaTolLdi,  ar:gp:&d  fncpubtLcakauaad  wsiSHlatimat-JiB  2C0B  SPE 
EniDfac  EAt-E  Arhus  I  ChEhuum  Zx&ibicofi  bale  in  ELceaB.  ItaLy.  9-121®*  20CS 

1- 2-  Numerical  modelling  of  different  sceuaiios  associated  with  Geohazards  of  chilling 
deep  offshore  wellbore  in  gas  hydrate  beaiing  sediments  (ongoing  project) 

2 - Experimental  Part: 

Despite  considerable  mterest  in  the  properties  of  gas  hydrate  bearing  sediments,  the 
mechanical  properties  of  these  sediments  lemain  poorly  known.  The  mechamcal  properties 
and  the  constitutive  model  have  a  major  effect  on  the  results  of  the  wellbore  integrity 
modelling  and  also 

gas  production  from  methane  hydrates  studies.  Dissociation  of  methane  hydrate  in 
marine  sediments  may  cause  seabed  subsidence  or  deformation  of  hydrate 
sediment  strata.  Such  mcident  will  directly  affect  the  productivity  of  the  producing 
wells  if  it  ls  uot  properly  estimated  prior  to  the  production.  In  this  laboratory,  we 
bas  e  conducted  significant  experimental  work  (through  a  joint  industry.'  project)  on 
me  a  sming  the  strength  of  gas  hydrate  bearmg  sediments  as  a  function  of  various 
parameters,  including  hydrate  saturation,  sediment  mineralogy,  etc.  Currently,  we 
are  installing  the  most  advanced  high  pressure  Triaxial  testing  setup  designed  for 
gas  hydrate  beaiing  sediments  for  conducting  comprehensive  study  on  the 
mechanical  behaviour  and  properties  of  these  sediments  under  realistic  conditions. 


1-Flease  do  uot  hesitate  to  contact  ns  if  you  are  interested  and 
required!  further  details. 
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Deformation  of  methane  hydrate  supported  sand 
during  its  dissociation 

By  Masayuki  Hyodo,  Yukio  Makata,  Norimasa  Yoshimoto 
Jjn  Yoneda  and  Joji  Nagadori 
Dept  of  Civil  and  Environmental  Engineering  Yamagiuchi  University 

JAPAN 


1.  Background 


Methane  hydrate  is  currently  being  eagerly 
examined  as  a  next-generation  energy 
resource  to  replace  oil  and  natural  gas. 

It  is  estimated  that  the  methane  hydrate 
reserves  around  Japan,  a  nation  otherwise 
soor  in  energy  resources,  would  be 


sufficient  to  last  over  1ZQ  years,  based  on 


present  evels  of  natural  gas  consumption* 
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. 
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To  develop  this  new,  unfamiliar  resource. 


Advisory  Committee  for  National  Methane 
Hydrate  Exploitation  Program,  an 
investigative  committee  established  within 
the  Ministry  of  Economy,  Trade  and  Industry 
has  prepared  “Japan's  Methane  Hydrate 
Exploitation  Program*. 


5.  Picture  of  MH-supported  sand 


1.  Formation  of  methane  hydrate  in  the  sand 
specimen  in  triaxial  cell 

2.  Triaxial  compression  tests  on  the  methane 
hydrate -bearing  sand  at  the  same  condition 
as  deep  seabed 

3.  Deformation  of  the  specimen  due  to 
decomposition  of  methane  hydrate 


4.  Testing  Equipment 


r^MaxiuLm  cell 
presst-re-  ■ 

max  JDHPa 
Maxlmm  tact 
pressure-  ■ 

max  2DMPa 
Max  mm  axial  load  ■  ■ 
max 2*DWJ 
empErature  ■  ■ 

-35*  M-  ■ 


7.  Triaxial  behavior  of  MH-supported  sand 


n  Trie  exp*'  menial  te-slUe  whr  changin  g  cagree  c'MH  sa:LraBon  are 
shown.  5ased  on  Ihe  Tlgune,  an  Increase  lr  One-  axial  dexlatar  slrEss  Is- 
otE.E-r.ed  wm  the  Increase  In  degree  at  Ml-  saturation.  ■  Is  hellevEd 
that  ns  Lie  prcpomon  iJ  mh  cccLpjing  the  pores  ie  increased.  Lie 
cemenllng  Torse  aSso  Increased,  vaulting  In  MH  adhering  firmly  ln- 
Pelween  ir s  sand  panicles  Moreover,  higher  degee  or  Mh 
saturallon  results  In  higher  residual  sirenglh. 


Axial  strain  ■  |(%J 


n  Shear  lest  results  up  bo  axial  slrati  is  shown  Far  sands 
■confining  MH.  ihe  cementing  slrenglh  gradually  decreases  as  me 
peak  slrenglh  Is  approached,  and  tne  strength  decreases.  However 
n  is  believed  lhai  even  when  me  -cemEntng  fora  is  lost  MH  s  stu 
presenl  Inside  Lhe  penes. 


[|  The  lest  results  Itir  various  p>cre  pressures  Lnder  similar  Elective 
confining  pressLre.  lemperature  and  SWh.  From  ihe  results,  an 
Increase  In  the  axial  devlatcnslress  was  observed  with  Ihe 
ncrease  In  pore  pressure.  ThLS,  ihe  slrenqlh  o'  sand  conlalnlng 
MH  depends  on  depth,  with  an  Increasing  smenglh  associated 
wnn  increasing  dec^n.  similar  dependence  -wnr  temperature  and 
Pact  prsssLei  were  observed  hi  previous  experiment  Involving 
MH  only  and.  Ihere'dre,  Ihe  present  res  jIIe-  on  Mh  trapped  whhln 
sand  particles  supper  such  nndlrgs. 


Axial  strain  ■  ■(%} 


II  The  axial  devlatdr  slress-axlal  sfaln-volunelrl;  slraln 
relattms  fijrlhE  cases  where  the  temperature  was  varied 
Pe:ween  1  oC  and  1  DaC  are  shown .  11  Is  l  nderstood  Ttoir  Ihe 
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8.  Deformation  of  the  sand  specimen  due  to 
dissociation  of  methane  hydrate 


8.1  Thermal  Recovery  Method 
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8.2  Depressurization  Method 
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©Background 

Numerous  researches  have  been  directed  on  factors  that  influence  the  amount  of  methane  gas  production  in  methane  hydrate  fields. 
However,  a  successful  methane  gas  production  operation  remains  questionable  as  safety  concern  related  to  well  stability  is  not  fully 
understood  yet.  Further  research  from  geomechanics  point  of  view  is  required  in  order  to  have  a  safe  yet  economical  means  of 
methane  gas  production.  Methane  hydrate  dissociation  induced  cement  sheath  breakage  in  multilayered  condition  has  been 
identified  as  a  forefront  topic.  The  consequence  of  this  phenomenon  can  be  disastrous  as  it  allows  methane  gas  migration  to  undesired 
direction  in  the  soil  formation.  This  will  not  only  affect  the  amount  of  methane  gas  production  but  may  also  jeopardise  the  entire 
operation.  In  particular,  the  methane  hydrate  fields  such  as  Nankai  Trough  (NT)  and  Mallik  Mackenzie  Delta  (MMD)  encountered  a 
soil  profile  of  alternating  layers  of  sands  and  clays.  Studies  using  FLAC,  a  finite  difference  programme  has  been  conducted  in  which  a 
modified  Mohr  Coulomb  model  (Klar  &  Soga,  2005)  is  used. 


Model  Formulation 

3.1  Coupled  deformation 

Both  soil  grains  and  hydrate  are 
assumed  to  be  incompressible,  but 
the  soil  skeleton  is  compressible. 
The  behaviour  of  compressible 
water  and  gas  is  represented  by 
equations  for  compressible  fluids: 

8Pw  _  Kw  f  1  dmw  ndS„  s  dsv  1 
dt  Swn  \_pv  8t  dt  dt  J 

dPg  _  Ks  \  1  8ms  _n8Ss  SsJ 

dt  dt  dt  s  dt  J 

The  mass  balance  equations  for 
water,  gas  and  hydrate  are: 

dmh  _  dmwh  Smgh 
dt  dt  dt 

The  dissociation  process  follows 
Kim  et  al.  (1987): 

— ^  =  -KdMAnSh  fr  -  P.  )h[P  -  P  ] 
dt 

dmwh  _  A C-V,,  dmgh  dmh  _  Mh  dmgh 

dt  Mg  dt  ’  dt  Mg  dt 

The  specific  flows  are  defined  by 
Darcy’s  law: 

qw  =-khK'(vpw-p„g) 
qe  =  ~K  —K  (v/5g  -  pes) 


Value  of  relative  permeability 
and  capillary  pressure 
corresponds  to  Van  Genuchten 
(1980): 

ps  -p,  =  pASe)  =  P0{s;'la  -i T“  where 


3.2  Effective  stress-strain 
relationship 

The  stress-strain  relation  of 
soil  skeleton  is  a  function  of 
Terzaghi’s  effective  stress 
defined  as: 

er.  =cr..  -P8tj 

_  SP+SP 

p  =  - g_g_ 

1  ~sk 

The  strength  of  the  soil- 
hydrate  material  depends  on 
SMH  and  the  hydrate 
contribution  to  the  strength 
is  of  cohesive  nature  rather 
than  friction.  Modified  Mohr 
Coulomb  failure  criterion  is 

adopted:  _ 

f(al,o'3,Sh)  =  al-o3N*  +  2c'[Sh]‘M 


©  Methane  hydrate  extraction  in  layered  soils 

V  A  unified  casing  and  cement  as  shown  in  Fig.  2  has 
been  adopted  in  NT  site  to  simulate  the 
depressurisation  process  with  the  consideration  of 
multilayered  condition  and  thermal  aspect  (Ng  et  al.  , 
2008) 

V  Fig.  3  shows  heat  flows  from  the  clay  layer  to  the 
sand  layer  leads  to  faster  rate  of  hydrate  dissociation  in 
the  hydrate  region  near  the  clay-sand  boundary  than  at 
the  centre  of  hydrate  sand  layer  which  will  influence 
the  stress  distribution. 

V  Arching  in  the  vertical  direction  was  observed  due  to 
the  difference  in  the  stiffness  of  clay  and  sand  layer  as 
well  as  the  localised  accelerated  dissociation  at  the 
clay-sand  interface. 

V  Fig.  4  demonstrates  that  the  heat  flow  from  the 
interface  has  a  greater  effect  in  the  case  of  a  smaller 
thickness  at  a  small  thickness  of  the  clay-sand  layer. 


Fig.  2:  Condition  near  wellbore  in  s 
and  modelling  situation 


Fig.  4:  Effect  of  soil  thickness  in  which  the  total  thickness  of  ai)  0.5  m,  aii)  1.0  m  and  aiii)  2.0m 


Fig.  5:  Stages  of  cementing  in  hydrate  bearing  soil 


®  Cement  breakage  risk  due  to  methane  hydrate  dissociation 

Approach:  The  in-situ  wellbore  condition  which  separates  the  steel,  cement  and  soil  is 
modelled.  Fig.  5  shows  the  stages  when  the  drilling  mud  is  replaced  with  cement  during 
the  methane  gas  production.  ID  well  stability  analyses  during  depressurisation  in  a 
supported  well  are  investigated  using  FLAC.  A  modified  Mohr  Coulomb  model  which  is 
explained  above  is  employed  in  which  effects  of  SMH  on  E50,  c  and  \p  are  incorporated.  The 
depressurisation  sequence  is  shown  in  Fig.  6. 

Initial  Conditions:  Condition  at  MMD  site,  on  the  coast  of  the  Beaufort  Sea, 
in  Canada’s  Northwest  Territories  is  simulated  at  around  900m  depth  (Fig.  7)  with: 

Total  vertical  stress  =21500  kPa  SMH  =70%  ko=  0.7 

Pore  pressure  =  11800  kPa  Temperature  =  285  K  (Isothermal  condition) 

Preliminary  Results: 

V Fig.  8a  shows  the  soil  region  is  in  the  safe  side  during  the  depressurisation  process. 

V  The  soil  is  almost  in  failure  state  when  the  mud  pressure  reaches  12000  kPa 
in  which  the  replacement  is  taking  place.  Therefore,  the  time  for  the  mud 
replacement  with  cement  is  critical  to  ensure  a  safe  gas  production. 

V  The  shear  strength  of  the  cement  is  around  3500  kPa.  As  shown  in  Fig.  8b,  the  factor  of  safety  for  the  cement 
region  would  be  around  10  at  the  end  of  depressurisation. 

V  If  soil  properties  possesses  35%  SMH,  the  soil  is  failed  before  the  mud  is  replaced  with  cement  (not  shown  here). 


mm 


i™ 


Fig.  6:  Depressurisation  sequence 


Fig.  7:  Soil  profile  at  MMD 


f©  Future  work 

The  study  in  MMD  sites  will  be  revisited 
with  more  parametric  studies  which 
include: 

V  Temperature 

V  Pressure  reduction  rates 

V  Cement  properties 

V  Soil  properties 

V  Hydrate  reformation 

V  Shrinkage  of  cement 
o^2D  analyses 


All  the  references  stated  here  can  be  found  in  OTC  19364  (2008) 
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Clatlirate  hydrate  crystals  observed  via  Transmission  electron  microscope 
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Recently  the  high-magnification  observations  on  clatlirate  hydrates  have  been  developed  to  find 
the  evidences  of  the  self-preservation  processes  of  hydrate  crystals  observed  at  temperature  below 
273  K.  or  to  observe  the  heterogeneous  distributions  of  clatlirate  hydrates  regarding  to  compositions 
anchor  structures  ( e.g ..  Stem  et  al 2004:  Kuhs  et  al ,  2004).  Transmission  electron  microscope 
(TEM)  is  one  of  the  powerful  tools  to  obtain  such  high-magnification  images  with  obtaining  the 
local  diffraction  patterns  simultaneously.  However,  due  to  its  high-vacuum  condition,  there  is  no 
report  of  the  TEM  observations  on  clatlirate  hydrates.  The  objective  of  this  study  was  the  direct 
observations  of  clathrate  hydrates  via  TEM. 

We  used  the  tetra  hydro  frail  (THF)  hydrate  as  the  sample  for  the  TEM  observations.  The 
stoiciometric  THF  solution  was  cooled  in  the  refrigerator  (at  temperatures  just  above  273  K)  to 
form  THF  hydrate  crystals.  This  crystal  was  crashed  at  liquid  nitrogen  atmosphere  to  prepare  the 
thin  specimen  for  TEM  (JEOL,  type  JEM-201  OF)  observations.  To  prevent  the  dissociation  of  THF 
hydrates  in  the  TEM  observation  conditions,  at  pressures  of  10°  Pa.  the  temperature  of  specimen 
was  kept  at  approximately  80  K.  To  evaluate  the  analytical  process  of  clathrate  hydrates,  ice  crystals 
were  also  observed.  The  diffraction  pattern  was  fitted  with  a  simulated  one  to  estimate  the  crystal 
axis  and  the  lattice  parameters. 

Figure  1  shows  the  real  image  of  the  ice  ciystal  and  the  diffraction  pattern  of  the  ciystal  (shown 
in  the  inert).  We  confirmed  that  the  object  was  the  hexagonal  ice  single-crystal  [0001]  direction 
with  the  lattice  parameter  of  a  =  4.65  A.  Then  we  observed  the  THF  hydrates.  As  shown  in  Figure  2. 
the  ciystal  is  the  structure  II  clathrate  hydrate  (cubic,  space  group :  Fd3m.  [114]  direction)  with  the 
lattice  parameter  of  a  =  16.8  A.  This  is  the  first  report  of  the  clathrate  hydrate  observation  via  TEM. 
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Figure  1 :  TEM  image  and  diffraction  pattern  of  ice  Figure  2:  TEM  image  and  diffraction  pattern  (super¬ 

imposed  by  the  simulated  pattern)  of  THF  hydrate 
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